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EXECUTIVE SUMMARY

Section 112(n)(1)(B) of the Clean Air Act (CAA), as amended in 1990, requires the U.S.
Environmental Protection Agency (U.S. EPA) to submit a study on atmospheric mercury emissions to
Congress. The sources of emissions that must be studied include electric utility steam generating units,
municipal waste combustion units and other sources, including area sources. Congress directed that the
Mercury Study evaluate many aspects of mercury emissions, including the rate and mass of emissions,
health and environmental effects, technologies to control such emissions, and the costs of such controls.

In response to this mandate, U.S. EPA has prepared an eight-volume Mercury Study Report to
Congress. This document is the exposure assessment (Volume V) of the Mercury Study Report to
Congress. The exposure assessment is one component of the risk assessment of U.S. anthropogenic
mercury emissions. The analysis in this volume builds on the fate and transport data compiled in
Volume Il of the study. This exposure assessment considers both inhalation and ingestion exposure
routes. For mercury emitted to the atmosphere, ingestion is an indirect route of exposure that results
from mercury deposition onto soil, water bodies and plants and uptake through the food chain. The
analyses in this volume are integrated with information relating to human and wildlife health impacts of
mercury in the Risk Characterization Volume (Volume VII) of the Report.

National Assessment of Mercury Exposure from Fish Consumption

A current assessment of U.S. general population methylmercury exposure through the
consumption of fish is provided in this volume. This assessment was conducted to provide an estimate
of mercury exposure through the consumption of fish to the general U.S. population. It is not a site-
specific assessment but rather a national assessment. This assessment utilizes data from the Continuing
Surveys of Food Intake by Individuals (CSFII 89-91, CSFII 1994, CSFIl 1995) and the third National
Heath and Nutrition Examination Survey (NHANES llI) to estimate a range of fish consumption rates
among U.S. fish eaters. Both per capita and per user (only individuals who reported fish consumption)
were considered. For each fish-eater, the number of fish meals, the quantities and species of fish
consumed and the self-reported body weights were used to estimate mercury exposure on a body weight
basis. The constitution of the survey population was weighted to reflect the actual U.S. population.
Results of smaller surveys 6high-end fish consumers are also included.

These estimates of fish consumption rates were combined with fish species-specific mean values
for measured mercury concentrations. The fish mercury concentration data were obtained from the
National Marine Fisheries Service, Bahnick et al., (1994), and Lowe et al., (1985). Through the
application of specific fish preparation factors (USDA, 1995), estimates of the range of methylmercury
exposure from the consumption of fish were prepared for the fish-consuming segment of the U.S.
population. Per kilogram body weight estimates of methylmercury exposure were determined by
dividing the total daily methylmercury exposure from this pathway by the self-reported body weights.

Estimates of month-long patterns of fish and shellfish consumption were based on the data
reporting frequency of fish/shellfish consumption obtained in the third National Health and Nutrition
Examination Survey (NHANES IIl) conducted between 1988 and 1994. Combining these frequency data
with other information on respondents in NHANES llI (i.e., 24-hour recall data and self-reported body
weight of subjects), and mean mercury concentrations in fish/shellfish, these projected month-long
estimates of fish/shellfish consumption describe moderate-term mercury exposures for the general United
States population.
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Conclusions

The following conclusions are presented in approximate order of degree of certainty in the
conclusion, based on the quality of the underlying database. The conclusions progress from
those with greater certainty to those with lesser certainty.

Consumption of fish is the dominant pathway of exposure to methylmercury for fish-
consuming humans. There is a great deal of variability among individuals in these
populations with respect to food sources and fish consumption rates. As a result, there is
a great deal of variability in exposure to methylmercury in these populations. The
anthropogenic contribution to the total amount of methylmercury in fish is, in part, the
result of anthropogenic mercury releases from industrial and combustion sources
increasing mercury body burdens in fish. As a consequence of human consumption of
the affected fish, there is an incremental increase in exposure to methylmercury.

The critical variables contributing to these different outcomes in measuring exposures
are these:

a) the fish consumption rate;

b) the body weight of the individual in relation to the fish consumption rate;
c) the level of methylmercury found in different fish species consumed; and
d) the frequency of fish consumption.

The results of the current exposure of the U.S. population from fish consumption

indicate that most of the population consumes fish and is exposed to methylmercury as a
result. Approximately 85% of adults in the United States consume fish and shellfish at
least once a month with about 40% of adults selecting fish and shellfish as part of their
diets at least once a week (based on food frequency data collected among more than
19,000 adult respondents in the NHANES Il conducted between 1988 and 1994). This
same survey identified 1-2% of adults who indicated they consume fish and shellfish
almost daily.

In the nationally-based dietary surveys, the types of fish most frequently reported to be
eaten by consumers are tuna, shrimp, and Alaskan pollock. The importance of these
species is corroborated by U.S. National Marine Fisheries Service data on per capita
consumption rates of commercial fish species.

National surveys indicate that Asian/Pacific Islander-American and Black-American
subpopulations report more frequent consumption of fish and shellfish than other survey
participants.

Superimposed on this general pattern of fish and shellfish consumption is freshwater fish
consumption, which may pose a significant source of methylmercury exposure to
consumers of such fish. The magnitude of methylmercury exposure from freshwater fish
varies with local consumption rates and methylmercury concentrations in the fish. The
modeling exercise indicated that some of these methylmercury concentrations in
freshwater fish may be elevated as a result of mercury emissions from anthropogenic
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sources. Exposures may be elevated among some members of this subpopulation; these
may be evidenced by analyses of blood mercury showing concentrations in excess of 10
micrograms per liter (Lg/L) that have been reported among multiple freshwater fish-
consumer subpopulations.

The results of the assessment of current exposure of the U.S. population from fish
consumption as described in this volume. Exposure to methylmercury from

contaminated fish results in an incremental increase in mercury exposure for most U.S.
fish-consumers. Methylmercury exposure rates on a per body weight basis among fish-
consuming children are predicted to be higher than for fish-consuming adults. The 50th
percentile exposure rate among fish-consuming children under the age of 10 and younger
is approximately 0.3 pg/kg of body weight per day. The 90th percentile predicted
exposures are approximately three times greater or 0.8-1.0 png/kg body weight/day. The
predicted average exposure among males and females fish consumers of reproductive age
is 0.1 pg of methylmercury/ kg body weight/day. Given that these are one-day estimates,
it would be inappropriate to compare these values to the RfD except for subpopulations
that eat fish/shellfish almost every day. Fish consumption rates by adult men and women
vary from zero to more than 300 grams per day. These predictions are consistent across
the three major contemporary national food consumption surveys.

Estimated month-long patterns of fish/shellfish intake and mercury exposures indicate
that fish/shellfish consumption is lowest among “White/NonHispanics” (73 grams/day),
second highest among “Black/NonHispanics” (97 grams/day) and highest among the
category designated as “Other” (123 grams/day). The category “Other” includes persons
of Asian/Pacific Islander ethnicity, NonMexican Hispanics (typically persons of
Caribbean ethnicity), Native American tribal members and Native Alaskans, and
additional persons. Based on these estimates of month-long fish/shellfish consumption
as the basis for determining methylmercury exposure, an estimated 9% of the general
population exceeds the RfD.

Among women of childbearing age, 7% exceeded the RfD based on month-long
projections of fish/shellfish intake. Approximately 1% of women have methylmercury
exposures three-to-four times the RfD. Children in the age group 3-to-6-years have
higher intakes of methylmercury than do adults relative to body weight. Approximately
25% of children exceed the RfD, and 5% of children have methylmercury exposures
from fish/shellfish two-to-three times the RfD (i.e., 0.29 pg/kg body weight/day).

Blood mercury concentrations and hair mercury levels are biomarkers used to indicate
exposure to mercury. Inorganic mercury exposure occur occupationally and for some
individuals through ritualistic/hobby exposures to inorganic mercury. Dental
restorations with silver/mercury amalgams can also contribute to inorganic mercury
exposures. Methylmercury exposure is almost exclusively through consumption of fish,
shellfish, and marine mammals. Occupational exposures to methylmercury are rare.

Normative data describing blood and/or hair mercury for a population representative of
the United States do not exist, however, some data are available. Blood mercury
concentrations in the United States are usually less than 10 pg/L; however, blood
mercury concentrations in excess of 30 pg/L have been reported and are attributed to fish
consumption. Hair mercury concentrations in the United States are typically less than
1pg/g, however, hair mercury concentration greater than 10u/g have been reported for
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women of childbearing age living in the United States. U.S. EPA’s RfD is associated
with a blood mercury concentration of 4-5 pg/L and a hair mercury concentration of
approximately 1pug/g. The “benchmark” dose is associated with mercury concentrations
of 44 pg/L in blood and 11.1 pg/g in hair. The “benchmark” dose for methylmercury is
based on neurotoxic effects observed in Iraqi children exposedroto

methylmercury.

Specialized smaller surveys of subpopulations including anglers and Native American
Tribal members indicate high fish consumption rates and elevated blood/hair mercury
concentrations occur.
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1. INTRODUCTION

Section 112(n)(1)(B) of the Clean Air Act (CAA), as amended in 1990, requires the U.S.
Environmental Protection Agency (EPA) to submit a study on atmospheric mercury emissions to
Congress. The sources of emissions that must be studied include electric utility steam generating units,
municipal waste combustion units, and other sources, including area sources. Congress directed that the
Mercury Study evaluate many aspects of mercury emissions, including the rate and mass of emissions,
health and environmental effects, technologies to control such emissions, and the costs of such controls.

In response to this mandate, EPA has prepared an eight-volume Mercury Study Report to
Congress. The eight volumes are as follows:

l. Executive Summary
Il. An Inventory of Anthropogenic Mercury Emissions in the United States
Il. Fate and Transport of Mercury in the Environment

V. An Assessment of Exposure to Mercury in the United States

V. Health Effects of Mercury and Mercury Compounds

VI. An Ecological Assessment for Anthropogenic Mercury Emissions in the United States

VII. Characterization of Human Health and Wildlife Risks from Mercury Exposure in the
United States

VIIl.  An Evaluation of Mercury Control Technologies and Costs

This document is the exposure assessment (Volume 1V) of U.S. EPA's Report to Congress on
Mercury. The exposure assessment is one element of the human health and ecological risk assessment of
U.S. anthropogenic mercury (Hg) emissions. The exposure assessment considers both inhalation and
ingestion exposure routes. For atmospheric mercury emissions, ingestion is an indirect route of exposure
that results from mercury deposition onto soil, water bodies and plants and uptake through the food
chain. The information in this document is integrated with information relating to human and wildlife
health impacts of mercury in Volume VIl of the report.

Using deposition values obtained from fate and transport models in Volume lll, this assessment
addresses the exposures that result from selected, major anthropogenic combustion and manufacturing
sources. This volume also estimates current exposures to the general U.S. population that result from
mercury concentrations in freshwater and marine fish. This volume does not address all anthropogenic
emission sources, nor does it address emissions from natural sources.

Volume 1V is composed of nine chapters and three appendices. The Introduction is followed by
Chapter 2, which describes the approach utilized to calculate mercury exposures to humans and wildlife.
Chapter 3 presents estimates of mercury exposure to individuals in the human population and wildlife.
Chapter 4 describes current U.S. exposures through consumption of fish. The fish methylmercury
concentrations and the human fish consumption rates were developed using measured data. Exposures
through other routes such as dental amalgams and occupational scenarios are summarized in Chapter 5.
The predicted human exposures are compared to biomonitoring data in Chapter 6.

Chapter 7 presents the conclusions of this Volume. Information needed for better assessment of
exposure to emitted mercury and to current concentrations in media and biota is listed in Chapter 8.
Finally, Chapter 9 lists all references cited in this volume.



There are four appendices to Volume IV: Exposure Parameter Justifications (Appendix A);
Estimated National and Regional Populations of Women of Child-Bearing Age (Appendix B); Analysis
of Mercury Levels in Fish and Shellfish (Appendix C); and Human Fish Consumption and Mercury
Ingestion Distributions (Appendix D).

The assessment of human mercury exposure through the consumption of fish as described in
Chapter 4 utilizes data from the continuing surveys of food intake by individuals (CSFIl 89-91, CSFII
1994, CSFII 1995) and the third National Health and Nutrition Examination Survey (NHANES II1).

Both per capita and per user (only individuals who reported fish consumption) were considered. For

each fish-eater, the number of fish meals, the quantities and species of fish consumed and the self-
reported body weights were used to estimate mercury exposure on a body weight basis. The constitution
of the survey population was weighted to reflect the actual U.S. population. Results of smaller surveys

on “high-end fish consumers are also included. Continuing Surveys of Food Intake by Individuals

(CSFIl 89-91) to estimate a range of fish consumption rates among fish eaters. For each fish-eater, the 3-
day CSFIl 89-91 study identified the number of fish meals, the quantities and species of fish consumed
and the self-reported body weights of the consumers. The constitution of the survey population was
weighted to reflect the actual U.S. population.

These estimates of fish consumption rates were combined with fish species-specific mean values
for measured methylmercury concentrations. The fish methylmercury concentration data were obtained
from the National Marine Fisheries Service, Bahnick et al., (1994), Lowe et al., (1985), and FDA (1995).
Through the application of specific fish preparation factors (USDA, 1995), estimates of the range of
methylmercury exposure from the consumption of fish were prepared for the fish-consuming segment of
the U.S. population. Per body weight estimates of methylmercury exposure were determined by dividing
the total daily methylmercury exposure from this pathway by the self-reported.
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2. APPROACH TO EXPOSURE ASSESSMENT

This chapter summarizes the methods employed to calculate exposures of humans to
anthropogenic mercury emissions. These methods utilize the predictions of the environmental fate
modeling presented in Volume Ill. The models used for the human exposure assessment are identical to
those used for the wildlife exposure assessment (Volume VI of this Report). For the human exposure
modeling analysis, two hypothetical sites in the eastern and western U.S. were developed. The proximity
of these sites to the source was varied to examine the effect of distance on model predictions. To account
for the long-range transport of emitted mercury, the 50th and 90th percentile RELMAP atmospheric
concentrations and deposition rates were included in the estimates from the local air dispersion model.
To account for other sources of mercury, estimates of background concentrations of mercury were also
included in this exposure assessment. Human exposure estimates were developed through the use of
mathematical models and a series of assumptions about human dietary behaviors and ingestion rates.
Three separate exposure sceanrios pertaining to the types and sources of foods consumed were
developed. Parameters that affected hypothetical human exposure are identified in Sections 2.2 and 2.3;
some of these parameters have the potential to change across scéygérslix A describes the
specific human exposure factors utilized in this volume.

2.1 Modeling Exposures near Mercury Emissions Sources

This section summarizes the computer models used to assess mercury exposure resulting from
hypothetical local source emissions; this includes a description of the environmental fate models
selected. Modeling assumptions related to the presentisackground mercury as well as mercury
transported from other regions of the U.S. are also presented. These models and modeling assumptions
are used to predict exposures of hypothetical humans residing in areas around mercury emission sources.

2.1.1 Description of Computer Models

Atmospheric transport models were used to simulate the deposition of mercury at two different
geographical scales (Table 2-1). A regional-scale analysis was conducted using the Regional Lagrangian
Model of Air Pollution (RELMAP). RELMAP calculates annual mean air concentrations and annual
mean deposition rates for each cell in a 40 km grid. This analysis covered the 48 contiguous states and
was based upon a recent inventory of mercury emissions sources (presented in Volume |l of this Report).
The results of the RELMAP model accounted for the long-range transport of mercury emitted from
anthropogenic sources.

The local-scale exposure analysis was conducted by using both RELMAP and a local air
transport model, GAS-ISC3, to generate hypothetical exposure scenarios for four mercury emission
source classes. GAS-ISC3 uses hourly meteorological data to estimate hourly air concentrations and
deposition fluxes within 50 km of a point source. For each hour, general plume characteristics are
estimated based on the source parameters (gas exit velocity, temperature, stack diameter, stack height,
wind speed at stack top, atmospheric stability conditions) for that hour. GAS-ISC3 was run using one
year of actual meteorological data (1989, the same meteorologic year as was utilized in the RELMAP
modeling). The average annual predicted values for air concentration and deposition rates were then
used as inputs for to IEM-2M model for 30 years, the assumed typical lifetime of a facility.



Table 2-1
Models Used to Predict Mercury Air Concentrations,
Deposition Fluxes and Environmental Concentrations

Model Description

Predicts average annual atmospheric mercury concentration and|wet
and dry deposition flux for each 40 km grid in the U.S. due to all

RELMAP anthropocentric sources of mercury in the U.S. and a natural
background atmospheric mercury concentration.

GAS-ISC3 Pre_dlqts average concentration and deposition fluxes within 50 kin of
emission source.

IEM-2M Predicts environmental concentrations based on air concentratiofs

and deposition rates to watershed and water body.

The IEM-2M model was used to estimate mercury levels in soil, water andbisd on both
regional and local-scale estimates of atmospheric concentrations of mercury and mercury deposition.
IEM-2M is composed of two integrated modules that simulate mercury fate using mass balance equations
describing watershed soils and a shallow lake. IEM-2M simulates three chemical components —
elemental mercury, Hg , divalent mercury, Hgll, and methylmercury, MHg. Mass balances are performed
for each mercury component, with internal transformation rates linkidg Hg , Hgll, and MHg. Sources
include wetfall and dryfall loadings of each component to watershed soils and to the water body. An
additional source is diffusion of atmospheric®Hg vapor to watershed soils and the water body. Sinks
include leaching of each component from watershed soils, burial of each component from lake sediments,
volatilization of HJ and MHg from the soil and water column, and advection of each component out of
the lake.

At the core of IEM-2M are nine differential equations describing the mass balance of each
mercury component in the surficial soil layer, in the water column, and in the surficial benthic sediments.
The equations are solved for a specified interval of time, and predicted concentrations output at fixed
intervals. For each calculational time step, IEM-2M first performs a terrestrial mass balance to obtain
mercury concentrations in watershed soils. Soil concentrations are used along with vapor concentrations
and deposition rates to calculate concentrations in various food plants. These are used, in turn, to
calculate concentrations in animals. IEM-2M simultaneously performs an aquatic mass balance driven by
direct atmospheric deposition along with runoff and erosion loads from watershed soils.

Human exposures through inhalation and ingestion of other contaminated food items (as well as
soils) were also evaluated. Levels of atmospheric mercury were estimated by summing the predicted
concentrations of the RELMAP and GAS-ISC3 models. Soil concentrations were derived directly from
estimates of the IEM-2M model. Concentrations in green plants were estimated using soil-to-plant and
air-to-plant biotransfer factors; mercury in these plants was derived from the local and regional scale air
modeling as well as estimates of background mercury (Section 2.1.2). Estimates of the mercury
concentrations in animal tissues and animal products are generally the product of predicted mercury
concentrations in green plants and soils, animal consumption rates, and specific biotransfer factors.
Mercury in these animals was derived from the local and regional scale air modeling as well as estimates
of background mercury.



Mercury residues in fish were estimated by making the simplifying assumption that aquatic food
chains can be adequately represented using four trophic levels. Respectively, these trophic levels are the
following: level 1 - phytoplankton (algal producers); level 2 - zooplankton (primary herbivorous
consumers); level 3 - small forage fish (secondary consumers); and level 4 - larger, piscivorous fish
(tertiary consumers), which are eaten by humans. This type of food chain typifies the pelagic
assemblages found in large freshwater lakes, and has been used extensively to model bioaccumulation of
hydrophobic organic compounds (see for example Thomann, 1989; Clark et al., 1990; Gobas, 1993). Itis
recognized, however, that food chain structure can vary considerably among aquatic systems resulting in
large differences in bioaccumulation in a given species of fish (Futter, 1994; Cabana et al., 1994a,b).

The second simplifying assumption utilized in this effort was that methylmercury concentrations in fish
are directly proportional to dissolved methylmercury concentrations in the water column. It is recognized
that this relationship can vary widely among both physically similar and dissimilar water bodies.

Methylmercury concentrations in fish were derived from predicted water column concentrations
of dissolved methylmercury by using BAFs for trophic level 4 fish (Table 2-2). The BAFs selected for
these calculations were estimated from existing field data. The BAF (dissolved methylmercury basis) for
trophic level 4 fish is 1.6 x £0 Methylmercury was estimated to constitute 7.8% of the total dissolved
mercury in the water column, and 65% of this was assumed to be freely dissolved. The technical basis
for these estimates is presented in Volume lll, Appendix D. The potential variability around these
predicted fish residue values is highlighted in Table 2-2. Percentile information for the BAF estimates are
presented.

Table 2-2
Percentiles of the Methylmercury Bioaccumulation Factor

Percentile of Distribution

5th 25th 50th 75th 95th

Parameter

Trophic 4 BAF 3.3x10 | 5.0x10 6.8x10 9.2x10 1.4x 10

2.1.2 Estimates of Background Mercury

In Volume Il of this Report it was noted that mercury was a constituent of the environment and
has always been present on the planet. Estimates of atmospheric mercury concentrations and deposition
rates from periods pre-dating large-scale anthropogenic emissions (“pre-anthropogenic”) and from
current data were presented for hypothetical eastern and western sites. These estimates were used as
inputs to the IEM-2M model. The equilibrium results of the IEM-2M model were calculated for both the
eastern and western sites and for both the pre-anthropogenic and current time periods. (Chemical
equilibrium is defined here as “a steady state, in which opposing chemical reactions occur at equal rates."
(Pauling, 1963)). When modeling the pre-anthropogenic period, the initial conditions of all model
compartments except the atmosphere were set to a mercury concentration of zero. The results of running
the pre-anthropogenic conditions to equilibrium in IEM-2M were used as the initial conditions for
estimating the current mercury concentrations. Table 2-3 lists the estimated mercury air concentrations
and deposition rates used at both hypothetical sites and for both time periods.
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4. POPULATION EXPOSURE — FISH CONSUMPTION
4.1 Fish Consumption among the General U.S. Population

Fish bioaccumulate mettmercurly throwh the freshwater quatic and marine food-chains.
Mercury-contaminategbhytoplankton and zoglankton are consumed Iplanktivorous fish (referred to in
otherparts of this Volume at tphic level 3 fish). Methilmerculy is thowght to bioaccumulate in thigoup
as well as in theiscivorous fish. Both marine and freshwater fish bioaccumulateyinethculy in their
muscle tissue. Consuytion of these megimercury-contaminated fish results in gosures to human
populations. Additional data have become available between 1995 and 198tthiaestimates of meropr
consunption from marine mammals and birdg fopulations livirg in the far Northern latitudes.

Consunption of fish is hghly variable across the U.gopulation unlike consugption of other
dietay conmponents, such as bread or starch, that are almagtitdhisly consumed. This clpter presents
an estimate of the rgaitude of fish consuption in both thegeneral U.Spopulation and in gecific
sulpopulations (eg., children and women of child-beagiage). This estimate identified thportion of the
population that consumes fish and shellfish. It gdsavides estimates opscies of fish consumed and the
guantity of fish consumed based on cross-sectional guttata. Use of a national data base differentiates
data in this Chater from site-pecific assessments. Dgigesented in this Clpter differ from site-pecific
assessments in which congution of contaminated local freshwater fish are included.

Inclusion of fish in the diet varies witlleagraphic location, seasons of tlyear, ethnicig, and
personal foogreferences. Data on fish congption have been calculategpically as either onper caita”
or “per user” basis. The former term is obtaingdilviding the syply of fish across an entiopulation
to establish ager caita” consunption rate. The latter term divides theoply of fish across ogltheportion
of thepopulation that consumes fisproviding “per user” rates of consiption.

Identifying differences in fish consuption rates forpopulation groups can be achieved thrgu
anaysis of dietay survey data for thegeneral United Statg®pulation and pecified sulpopulations; eg.,
some Native American tribes, recreationaglars, women of childbearninage, and children. The United
States Dpartment of Ayriculture (USDA) has conducted a series of natigrladlsed dietar surveys,
including the 1977-1978 Nationwide Food Congation Survegy and the ContinuigpSurveys of Food Intake
by Individuals (CFSII) over theeriod 1989 throgh 1995 (CFSII 89-91; CSFIl, 1994; CFSII, 1995). In
addition, data from the third National Health and Nutrition Examination $YNEANES IIl), conducted
between 1988 and 199gpvide estimates of fish consption patterns in the earl1990s. Analses of fish
consunption patterns amogthegeneral U.Spopulation and selectedya/gendergroupings are described
below. Fish consuption rate data frompecific Native American tribes and gling populations are
identified and used to corroborate the nationwide fish copgomdata.

4.1.1 Patterns of Fish Consugtion

Although the consumtion frequeng of fish is low conpared with stple foods such agrain
products, dietar intake of fish can be estimated from syrdata. The initial issue of how to estimate fish
consunption depends to areat extent on the choice of digtarssessment method. Available tecjues
include lorg-term dietay historiesguestionnaires to identiftypical food intake or short-term dieyarecall
techngues andyuestionnaires on food fggeng. The first consideration is to obtain digtémformation
that reflectsytpical fish consumtion. A true estimate of meghmercury intake from fish is coplicated ly
charges in fish intake over time, differences pesies of fish consumed, variation in the ny&trercury
concentration in apecies of fish, and broad chges in the sources of fish entegithe U.S. markeplace.
For exanple, increases inquaculture or fishfarmigand increased reliance onparted fish for domestic
consunption may affect consurption estimates. Teporal variation in dietar patterns is an issue to
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consider in the evaluation of short-term recall/record data. pidemiological studies that seek to
understand the relationghif long-term dietay patterns to chronic diseasgpical food intake is the relevant
parameter to evaluate (Willett, 1990).

Because methmerculy is a develpmental toxin that maproduce adverse effects follovgra
conparatively brief exposureperiod (i.e., a few months rather than decades),paoatively short-term
dietay patterns can have ipportance. Congpiently, estimation of recenpatterns of metfimercury
consunption from fish is the relevant grsure for the health epdint of concern. Because it is rpmssible
to precisey identify the period of develpment durirg which mercuy is likely to damage the nervousystem
of the develping fetus orgrowing child, exposure of women of childbeagrage oryour children to mercyr
via consumtion of fish is a cause for concern.

This chater describes the distribution of fish intakes for deneral population and for
sulpopulations defined Y age orgender; &., women of child-beargnage. Estimates of the number of
women who ar@regnant in ag givenyear are based on methods shownppekdix B. The angkis is not
intended to estimate fish consption by an individual and relate it to an individual's health outcomes.
Dietary questionnaires or dietarhistories mg identify broad patterns of fish consuption, but these
technguesprovide less gecific recollection of foods consumed such as pgeeigs of fish eaten. Likewise
estimates of thquantity of fish consumed become lgsgcise as the eatjrevent becomes more remote in
time. The selection of a dietasurvey method to describe fish intakeg the sulpopulation of interest
requires a balancmthe pecificity of information collected with thgeneralization of short-term dieyar
patterns to loger-term food intakes.

After the gopropriate period of fish intake is selected, the second area of concern becomes the
variation in the metyimercury concentrations of the fish consumed. A central feature of food intakegamon
suljects with a free choice of foods is theyda-day variability in foods consumed parimposed on an
underying food intakepattern (Willett, 1990). Ingidemiolagy studies, an individual's true intake of a food
such as fish could be considered as the mean intake fgeanlamber of dgs. Collectivey, the true intakes
by these individuals define a frgeng distribution for the stugpopulation as a whole (Willett, 1990). It
is rarel possible to measure a ¢grnumber of dgs of dietay intake for individual sujects; consguently,

a sanple of one or several ga is used to @esent the true intake (Willett, 1990). The effect of this
sanpling is to increase artificalithe standard deviation, i.e., to broaden the tails of the distribution (Willett,
1990). This results in estimates of intake that are bagerand smaller than the true ¢pterm averges

for any subject. Overall, authorities in nutritiongtidemiology (amorg others see Willett, 1990) conclude
that "measurements of dieggantake based on a gjle or small number of 24-hour recaglier sulpect my
provide a reasonable (unbiased) estimate of the meagrotia, but the standard deviation will lgecatly
overestimated.”

Assessment of recent digtantakes can be achieved thgbudietay records for variouperiods
(typically 7-day records or 3-darecords) or dietgrrecall (ypically 24-hour recalls or 3-garecalls) (amog
others see Witschi, 1990). Questions on fooduead in dietaly histories can be used to estimate how
often apopulation consumes fish and shellfish. Research is cuyrimgirogress to estimate usual intake
distributions that account for intake data of foods that are not consumed onlzadal(amog others see
Nusser et al. 1996). In 1996, Nusser epalblished a statisticab@roach to estimatmmmoderate-term (g.,
months)patterns of food consuption based on mujlle 24-hour dietar recalls obtained from the same
individual.

Sources of error in short-term recalls and records affect all gistavey methodolgies. These
include errors madeybthe repondent or recorder of dietainformation as well as the interviewer or
reviewer. Information used to calculate the intake of the chemical of interest is another source of error. The
detection limit of the angite, the frgueng of zero and trace values, and how such values aregadnan
statisticaly influence the accurgof the mean mercurconcentration for a fistpecies. The third source
of error in dietay assessments is the data base used to calculate intakes of the chemical from the food
consumed, for exapte the data mano lorger reflect current concentrations of the chemical in foods.
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The ability of the sulpect to remember the food consumed and in Whantities it was consumed
is central to these methods (arganary others see Witschi, 1990). In an a3#& of data from the National
Health and Nutrition Evaluation SurvéNHANES), the lagest source of error was uncertgiof suljects
about foods consumed on the recalf (douland and Egle, 1976). Fish consuption gopears to be more
accuratel remembered than most other fagdups. Karvetti and Knuts (1985) observed the actual intake
of 140 sulpects and later interviewed them B4-hour recall. Thefound that fish was omitted from the
dietay recall less than 5% of the time and errongotestalled aproximatey 7% of the time. The validit
of 24-hour recalls for fish consyption wasgreater than all other foagtoups. Interviewer and reviewer
errors can be reasonglgredicted to be consistent fogaven survg and unlikey to affect rgorting of fish
consunption selectivey.

4.1.1.1 Estimates of Fish Intake for palations

Data on fish consuption have been calculategpically as either per caita” or "per user". The
former term is obtainedytdividing the syply of fish across an entiopulation to establish gér caita”
consunption rate. The latter term divides thepgly of fish across ogltheportion of thepopulation that
consumes fish; i.e.pér user" rates of consuyation.

Survey methods can broadlbe classified into lagitudinal methods or cross-sectional syse
Typically long-term or lomitudinal estimates of intake can be used to reflatterns for individuals (g.,
dietaw histories); or logitudinal estimates of moderate duratiorg(emonth-lomg periods) for individuals
or groups. Cross-sectional data are usegjit@ a "sng shot" in time and areypically used toprovide
information on the distribution of intakes fgnoups within thepopulation of interest. Cross-sectional data
typically are for 24-hour or 3-gasanpling periods and consist of recall of foods consumed iparse to
guestioniry by a trained interviewer, or thignay be taken from written records of foods consumed.

During the past decade, reviewers of digtasurvey methodolgy (for exanple, the Food and
Nutrition Board of the National Research Council/National Acadeh%ciences; the Life Sciences Research
Office of the Federation of American Societies op&kmental Biolgy) have evaluated various tectmés
with regard to their suitabilit for estimatig exposure to contaminants and intake of nutrients. The Food
and Nutrition Board of the National Research Council/National AcgdeinSciences in their 1986
publication onNutrient Adequacy Assessment Using Food Consumption Sucteysthat dietgrintake
of an individual is not constant fromy#o dg, but varies on a dagilbasis both in amount and iype of
foods eaten (intraindividual variation). Variations betwpersons in their usual food intake avgad over
time is referred to as interindividual variation. AngoNorth Americanpopulations, the intraindividual
variation is usuayl considered to be as ¢gr as orgreater than the interindividual variation. Hayin
evaluated a number of data sets, the AcatieBubcommittee concluded that thregsdaf observation ma
be more than is grired for the derivation of the distribution of usual intakes.

Major sources of data on dieyaintake of fish used ipreparing this Reort to Comgress are the
cross-sectional data from the USDA CSFII conducted from 1989ghrb205 (CSFIl 89-91; CSFII 1994;
and CSFIl 1995); on cross-sectional data from the NHANES Il conducted between 1988 and 1994; and the
longer-term data on fish consyntion based on recorded fish congion for various numbers of one-month
periods of time durig theyears 1973-1974ykthe National Purchase DiafNPD 73-74) conductedytithe
Market Research Cporation. Lomer-term data on fish consytion has also been obtained fromestions
on frequeng of fish consurmtion that were included in the NHANES 11l supvand in CSFIl 1994 and CSFII
1995.

Identifying differences in fish consuption rates forpopulation groups can be achieved thrghu
anaysis of dietay survey data for thegeneral U.Spopulation and pecified sulpopulations; 3., some tribes
of Native Americans includigpAlaskan tribes, and recreationabbers. The USDA has conducted a series
of nationaly-based dietarsurveys includirg the 1977-1978 Nationwide Food Congution Survey and the
Continuing Surveys of Food IntakeIndividuals over th@eriod 1989 throgh 1991 (CSFII 89-91, CSFII
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1994, and CSFIl 1995), as well as the National Center for Health Statistics stfadfiddtion based
examination surse conducted between 1988 and 1994 (NHANES IlI). Ases$ of fish consuption
patterns amogthegeneral U.Spopulation are described below.

4.1.1.2 Estimates of Month-LagmFish and Shellfish Consytion from Cross-sectional Data

The adverse devghmental effects of meftimercury ingestion are closglassociated with the
cumulative quantity of mettylmercuy consumed. Theeriod of develpment that is critical to the
expression of adverse develnental effects is nhot known witlrecision. In humans, the critical gosure
period is thoght to be comaratively short-term based on the mgthercusy poisonirg outbreak in Irg and
various case mrts ofin uteromettylmercusy poisonirg (see the Human Health and Risk Characterization
Volumes for additional information). Corwmeently, it is important to be able tpredict moderate-term
exposures from cross-sectional data on miatikercury exposure.

Estimates of a sgle da/’s exposure to metyimerculy can be calculated from 24-hour recall data.
Thequantity of fish/shellfish portion size) andgecies of fish/shellfish consumeg bn individual over a
day can be used to calculate ¢aittake of fish/shellfish. The 24-hour recall data desqudyéion size and
species of fish consumed.yBncluding the amount of mercympresent in this amount of fish, an estimate
of mercuy ingestion can be made. Thosovides the distribution of merguintakes for a 24-hour or 1-ga
period. Dividing total mercuy intake per day by the person’s bog weight permits calculation ofig
Hg/kgbw/day. Rankirg these estimateylincreasig quantity permits identification of variougercentiles;
eg., 50th, 90th, 95th, etc. These rargsrare the basis fopér user’percentiles.

The projection of dai dietay exposure to metfimercury (i.e., ugkgbw/day) to exposure for a
moderateperiod of time (g3., months) has been a well-rgoized conplication of usiry dietay data. |If
multiple 24-hour recall data for an individual are available, Nusser et al. (1996) have described a statistical
method forprojecting moderate-term dietarintakes. Publication of this methodglois conparatively
recent and the cqoater software/hardwareqeirements for these statistical arsgls are somewhat cplax.
Consguently, another pproach forprojecting month-lory fish/shellfish consuption and metiilmercury
exposures was needed.

The number of dg per month that an individual consumes nyétiercury from diet can be
estimated from data on fjeeng of fish/shellfish consuption. The NHANES Il includedjuestions on
how oftenper dgy/week/month, over thgast 12-months, an individual consumed fish and shellfish. These
data are described below (Section 4.1.2.2péosons 13¥ears of ge and older. Children under §8ars-of
age were nopart of the regondents in NHANES 1ll who were asked aboutjffreng of fish and shellfish
consunption. Accordirgly, the authors of this pert have made the spiif ying assumtion that the
frequeng of fish consurption for adults from the same ethnic, racial, and econgmigps can be jplied
to estimates of fish and shellfish intake for children. Estimates of merguosure based on a gie day’s
intake (1g'kgbw/day) specific for individual child surve participants were available from the 24-hour recall
data in NHANES Ill. These data and the adult'gfieng of fish consumtion data were used to estimate
month-lorg projections of methimercury exposures for children.

4.1.1.31973 and 1974 National Purchase RiBata

The National Purchase Dial973-74 (NPD 73-74) data are based on gokanf 7,662 families
(25,165 individuals) out of 9,590 families saled between Sgember 1973 and Ayust 1974 (SRI
International Contract Rert to U.S. EPA, 1980; Rip et al., 1980). Available perts are not entirglclear
on how the subsgpte of 7,662 was chosen. Fish congtion was based oguestionnaires copteted ly



the female head of the household in which she recorded the dateréahcontainig fish, the ype of fish
(species), thpackajing of the fish (canned, frozen, fresh, dried, or smoked, or eaten out), whether fresh fish
was recreationaflcawght or commerciajl purchased, the amount of fiprepared for the meal, the number

of servirgs consumedypeach famiy member and gnguests, and the amount of fish not consumed durin

the meal. Meals eaten both at home andyafs@m home were recorded. Nigebur percent of the
regpondents rported consumig seafood durig the sarpling period.

Use of these data to estimate intake of fish or mgroora bog weight basis is limited ¥y the
following datagaps:

1. This survg did not include data on thguantity of fish reoresented ¥ a servig and
information to calculate actual fish congution from entries described as breaded fish or
fish mixed with other igredients. Portion size was estimatgdibirg averae portion size
for seafood from the USDA Handbook # 11, Tableg@e 40-41. The avege servimg
sizes from this USDA source are shown in Table 4-1.

Table 4-1
Average Serving Size (gms) for Seafood from
USDA Handbook # 11 Used to Calculate
Fish Intake by FDA (1978)

Age Group Male Female
(years) Subjects Subjects
.| ___(@gms) ] ___(9gms) |
0-1 20 20
1-5 66 66
6-11 95 95
12-17 131 100
18-54 158 125
55-75 159 130
Over 75 180 139
2. There mg have beenystematic under-recordiyof fish intake as it was noted thgpical

intakes declined 30% between the first syrperiod and the last surygeriod amog
persons who copieted four surve diaries (Crigin-Smith et al., 1985).

3. There have been chgas in theguantities andytpes of fish consumed between 1973-1974
andpresent. The USDA (Putnam, 1991) indicated that, on geeffish consumtion
increased 27% between 1970 to 1974 and 1990. This increase is alsoyrtbtedlational
Acadeny of Sciences ifseafood Safeid991). Whether or not this increagmlges to the
highestpercentiles of fish consuption (eg., 95th or 99ttpercentile) was not described in
the USDApublication.

Charges in theypes of fish consumed have been noted. For elgrhleuter et al. (1995)
noted that there is currepth muchgreater U.S. consuption of shark compared topast
decades.



4, Although the NPD data with the sg@ie weights were used tproject these data to the
general U.Spopulation (SRI International under U.S. EPA Contract 68-01-3887), in 1980,
U.S. EPA was subspiently informed that the sapie weights were not loger available.
Consguently, additional analses with these data, in a manner than cagrdjected to the
generalpopulation, no loger gpear to beossible.

5. Body weights of the individuals suryed do not ppear inpublished materials. If bgd
weights of the individualgarticipating in this survg were recorded these data do rpyiear
to have been used in sufjgent anajses.

Data on fish consuption from the NPD 73-74 suryehave beempublished ly Rupp et al. (1980)
and analzed ly U.S. EPA's contractor SRI International (1980). These data indicate that when a mgnth-lon
survey period is used, 94% of the supes population consumed fish. Theecies of fish most commaonl
consumed are shown in Table 4-2.

Table 4-2
Fish Species and Number of Persons Using the Species of Fish.
(Adapted from Rupp et al., 1980)

Category Number of Individuals Consuming Fish
Based on 24,652 Replies*
Tuna, lght 16,817
Shrimp 5,808
Flounders 3,327
Not reported (or identified) 3,117
Perch (Marine) 2,519
Salmon 2,454
Clams 2,242
Cod 1,492
Pollock 1,466

* More than onepecies of fish mabe eatenyan individual.

Rupp et al. (1980) also estimatgdantities of fish and shellfish consumedteenagers aed 12-18
years and Y adults ged 18 to 98sears. These data are shown in Table 4-3. The distribution of fish
consunption for age groups that included women of child-beagieges are shown in Table 4-4.

Table 4-3
Fish Consumption from the NPD 1973-1974 Survey
(Modified from Rupp et al., 1980)

Age Group 50th Percentile 90th Percentile 99th Percentile Maximum
Teengers Aged | 1.88 lglyear 8.66 lg/year 25.03 Iglyear 62.12 lglyear
12-18 Years or 69grams/dg

Adults Aged 18 | 2.66 lglyear 14.53 lg/year 40.93 lglyear 167.20 kylyear
to 98 Years or 112grams/dg




Table 4-4
Distribution of Fish Consumption for Females by Age*
Consumption Category (gms/day) (from SRI, 1980)

Age (years 47.6-60.0 60.1-122.5 Over 122.5
10-19 0.2 0.4 0.0
20-29 0.9 0.9 0.0
30-39 1.9 1.7 0.1
40-49 3.4 2.1 0.2

* Thepercentge of females in angg bracket who consume, on awggaa gecified amount grams) of fishper dgy.
The calculations in this table were basedmuthe regondents to the NPD suryevho consumed fish in the month of
the survg. The NPD Research estimates that thegmnelents rpresent, on a wghted basis, 94.0% of tipepulation

of U.S. residents (from Table 6, SRIf®et, 1980).

4.1.1.4 Nationwide Food Consuption Surve of 1977-78

Fish consumtion is not evenl divided across the U.population. Anaysis of patterns of fish
consunption have beerperformed on data obtained from digtaurveys of nationaly representative
populations. For exapie, Crochetti and Guthrie (1982) ayzéd the food consuption patterns opersons
who participated in the Nationwide Food Conspiton Survey of 1977-78. Ppulations pecifically excluded
from this analsis were children under foyrears of ge, pregnant and nursim women, veetarians,
individuals catgorized ly race as "other" (i.e., not "white" and not "black"), individuals not related to other
members of the household in which yHesed, and individuals with incoptete records. After these
exclusions, the stydgpopulation consisted on 24,085 individual digtaecords for a 3-daperiod.

Persons ngorting consunption of fish, shellfish, and seafood at least once in theiry3duztay
record were catwrized as fish consumers. Combinations of fish, shellfish, or seafood witatses
and/or starches @@, rice,pasta) or fish sandwiches were gatezed as consumers of fish "combinations".
Among the overalpopulation, 25.0% of rggndents rported consumtion of fish with an additional 9.6%
reporting consunption of fish "combinations" in the 3-ggeriod for a total of 34.6% perting consunption
of fish and/or fish combinations. Fmeng of consumption was corparable for male and female
regpondents with 24.1% of men and 25.7% of womeaoring consunption of fish in their 3-dg dietay
records. Fish "combinations" weregpoeted as dietgritems ty 11.2% of women and 9.9% of men. Both
these food cagmries were consumegdically as mid-dg and evenig meals, rather than as breakfast or as
snacks. Fopersons who listed fish in their 3yldietay records, 89.7% listed fish in one mealyowith
10.1% of repondents consumgtfish in two meals and 0.1% consuirsh in three meals. For dishes that
combined fish and other foods (i.e., fish "combinations"), amgersons who maorted eatig fish
combinations, 93.4% perted this food in one meal gnvith 6.5% of individuals consumgrtwo meals
containirg fish "combinations."

There ppears to be little difference between men and women in their likelihood of cormsiishin
based orpatterns observed in this national syry€rochetti and Guthrie, 1982). Based on thisysis|
allocation of fish consuption on a per cgita" basis does not ageatel reflect the fish consuption
patterns of thegeneralpopulation of the United States. Whil@ér cgita" estimates resulted in an
overestimate of fish consyption for the @proximately 65% of the U.Spopulation who did not ngort
consumimg fish, theseytpes of estimatesyttheir nature substantiglunderestimated fish consption rates
by persons who consume fish. Tipattern of underestimation is portant in an assessment ofpact of
infrequently consumed foods such as fish.
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4.1.1.5 CSFIlI 1989-1991

The second set of nation-wide data (CSFIl 89-91p@asented in Table 4-5, includjan aje/gender
analsis of the fish-consuminpopulation. Based on analis of 11,706 rgondents who quplied 3-das
of dietaw record in the CSFII of 1989-1991, thedueng of fish consurption within the 3-dg period was
determined. Angkes of these dietarecords indicate that 30.9% of pesdents consumed fish, either alone
or aspart of a dish that contained fish. Mostgasdents eatigpfish consumed one fish meal within the 3
day period. Twopercent (2%) of rggndents rported consumig fish two or more times durithe 3-dg
period, and 0.5% of these fish-eatiregondents rported fish consution three or more times dugrthe
3-day study period. Amormg persons who maorted eatig fish within the 3-dg period of the surwe 44.1%
reported eatig marine finfish (other than or in addition to tuna, shark, barracuda, and swordfish). Marine
finfish were more frguently consumed than freshwater fish. Of the 1p8&le who rgorted eatig finfish,
492 (30.9%) identified these as freshwater fish.

Table 4-5
CSFIl 89-91 Data

Gender Aged 14 Years | Aged 15 through | Aged 45 Years Total for All Age
or Younger 44 Years or Older Groups
Number of Individuals With 3 Days of Dietary Records
Males 1497 (51.7%) 2131 (42.9%) 1537 (40.0%) 5,165 (44.1%)
Females | 1396 (48.3%) 2837 (57.1%) 2308 (60.0%) 6,541 (55.9%)
Total 2893 (24.7%) 4968 (42.4%) 3845 (32.8%) 11,706
Respondents Reporting Consumption of All Fish and Shellfish
(Data weighted to be representative of the U.S. population.)
Males 380 (52.8%) 646 (42.8%) 556 (39.3%) 1582 (43.8%)
Females 340 (47.2%) 864 (57.2%) 828 (58.5%) 2032 (56.2%)
Total 720 (19.9%) 1510 (41.8%) 1415 (39.2%) 3614 (30.9%)

4.1.1.6 CSFIl 1994 and CSFII 1995

Analyses in 1994 were based on 5296oeslents on dal and 5293 rgwndents on da2. A
charge in survg methods resulted in food conspiion data beig collected for two dgs rather than for
three dgs as in the 1989-91 sunveDietary records included fish or shellfish for 598 individuals on tla
and 596 individuals for ga2. These dgs were not necessarisequential. Fish/shellfish consyption by
age andgender catgories for CSFIl 1994 and CSFIl 1995 are shown in Tables 4-6 and 4p&ctigsly.
Overall, 11.3% of rg®ndents rported fish or shellfish consystion. The rate was lower amgehildren
under 15years of ge and hjher amog adults ged 45years and older.



Table 4-6

CSFIl 1994 Data — Days 1 and 2

Gender Aged 14 Years Aged 15 Aged 15 and Total for All
or Younger through 44 Older Age Groups
Number of Individuals with Dietary Recalls — Day 1
Males 932 852 869 2653
Females 942 842 859 2643
Total 1874 1694 1728 5296
% consumption fish 7.9 10.9 154 11.3

Respondents Reporting Consumption of All Fish and Shellfish — Day 1

Males 65 90 138 293
Females 83 94 128 305
Total 148 184 266 598
Number of Individuals with Dietary Recalls — Day 2*
Males 993 852 868 2653
Females 941 840 859 2640
Total 1874 1692 1727 5293
% consumption fish 8.6 10.2 15.1 11.3

Respondents Reporting Consumption of All Fish and Shellfish — Day 2

Males 74 86 132 292
Females 88 87 129 304
Total 162 173 261 596

*Methodology changes based on two 24-hour recalls, not necessarily sequential.

To assess whether or not there were seasonal differences in fish and shellfistptonstira

year was divided into six two-month intervals. Fish intake data wagzaaly season. These values

are shown in Table 4-8.




Table 4-7

CSFIl 1995 Data — Days 1 and 2

Gender Aged 14 Years | Aged 15 through Aged 15 and Total for All Age

or Younger 44 Older Groups

Number of Individuals with Dietary Recalls — Day 1
Males 863 649 1,067 2,579
Females 808 635 1,041 2,484
Total 1,671 1,284 2,108 5,063
% Consuming 7.5 11.7 154 11.9
Fish

Respondents Reporting Consumption of All Fish and Shellfish — Day 1

Males 63 77 170 310
Females 63 73 155 291
Total 126 150 325 601

Number of Individuals with Dietary Recalls — Day 2
Males 862 648 1,067 2,577
Females 809 634 1,042 2,485
Total 1,671 1,282 2,109 5,062
% Consuming 8.8 12.9 14.5 12.2
Fish

Respondents Reporting Consumption of All Fish and Shellfish — Day 2
Males 81 82 168 331
Females 67 84 138 289
Total 148 166 306 620
Table 4-8

Fish Consumption (gms) by Season for Respondents Reporting Seafood Consumption
CFSIl 1994 — Day 1

Statistics Season
Jan/Feb | Mar/Apr | May/Jun | Jul/Aug Sep/Oct | Nov/Dec
Mean 102 92 92 107 100 105
Std. Dev* 74 74 82 87 77 77
Minimum 2 1 2 1 2 2
Maximum 373 488 960 903 413 517
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Table 4-8 (continued)
Fish Consumption (grams) by Season for Respondents Reporting Seafood Consumption
CFS 111994 — Day 1

Statistics Season

Jan/Feb | Mar/Apr [ May/Jun | Jul/Aug Sep/Oct | Nov/Dec
Percentiles
5th 14 10 22 21 12 14
10th 28 19 28 28 23 24
25th 50 51 42 53 49 48
Median 86 73 57 85 79 85
75th 114 123 118 139 129 165
90th 202 173 190 196 204 189
95th 293 227 295 272 253 235
Observations 183 219 210 242 191 163
Sum of Weights (000s) 10,197 11,383 11,817 11,506 9,573 9,113

* The values in these cells are theghted standard deviations of the individual observations. Estimates
of the standard errors of the means were not calculated.

4.1.1.7 NHANES Ill General Descption

The NHANES llI, conducted between 1988 and 1994, used a mgdtjgtabability desgn that
involved selection ofrimary sanpling units, sgments (clusters of households) within these units,
households, diible persons, and finallsanple persons. Primgrsanpling units tpically were
conmposed of a cougtor group of contguous counties. Certain sgrioups in thepopulation that were of
special interest for nutritional assessment were ovepkatrpreschool children (six months thighufive
years old) persons 60 thragh 74years old, and thgoor (persons livig in areas defined a®or by the
United States Bureau of the Census for the 1990 census). The U.S. Bureau of the Census selected the
NHANES Ill sanple accordiig to rigorous gecifications from the National Center for Health Statistics
so that therobability of selection for eacherson in the sapte could be determined.

The statisticpresented in the pert arepopulation estimates. The findis for eackperson in
the sarple were inflated  the regprocal of selectioprobabilities, agusted to account fggersons who
were not examined, and stratified afterward accorttirrace, sex andya, so that the final weited
population estimates clogebpproximated the civilian noninstitutionalizgubpulation of the United
States as estimated immadenty by the U.S. Bureau of the Census at thepwiiat of the survg, March
1, 1990.

lAlthough children are oversanted in the surve desgn, not all assessmsents were carried out gmon
yourg children. For exaple, 24-hour dietarrecall data were obtained for children, howevegueng of fish
consunption information was not obtained.
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Although NHANES Il was conducted between 1988 and 1994, data on food cotitauionly
became available in 1996. The syriecludes one 24-hour recall obtaingdatrained interviewer.
This data base contains 29,973 digtacords includig 3864 individuals who consumed fish and
shellfish (Table 4-9). Consuption of fish differed ly age. Overall 12.9% of rg@ndents included fish
or shellfish in their 24-hour dietarecall. As observed in CSFIl 1994, the data agrainildren ged 14
years angourger was about half thgercentges of fish consuption for ages 45 and older (Tables 4-10
and 4-11). There wemrpestions on frgueng of fish/shellfish consuption in the CSFII 1994 and
CSFII 1995 data bases; however, thecific information obtained excluded canned fish. Cqusatly,
these data were not used to estimate montipfish consumtion. The 24-hour recall data were
analzed for both children and adults.

Table 4-9
All Age Groups NHANES lli

Ages 14 and Ages 15 Ages 45 and Total
Younger through 44 Older
Years
Total 12,048 10,041 7,884 29,973
Fish Consumption 1060 1527 1274 3861
% Consumption Fish 8.8 15.2 16.2 12.9
Table 4-10

NHANES Il Adult Respondents

Gender Ages 15 to 44 Age 45 Years | Total for All Age
Years and Older Groups
Total Respondents
Males 4,620 3,783 8,403
Females 5,421 4,101 9,522
Total 10,041 7,884 29,989
Respondents Reporting Fish Consumption
Males 664 605 1269
Females 883 645 1528
Total 1527 1274 2801
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Table 4-11
NHANES Il Child Respondents

| Age Group Total Fish Consumers % Reporting Fish
1-5 Years 7595 626 8.2
6-11 Years 3217 323 10.0
12-14 Years Female 660 58 8.8
12-14 Years Male 576 53 9.2
Total 12,048 1060 8.8

4.1.2 Frequeng of Consunption of Fish Based on Suryg of Individuals

4.1.2.1 CSFIl 1989-1991

In the USDA 1989 throgh 1991 Continuig Surveys of Food Intake yIndividuals (CSFII 89
91), food consumtion data were obtained from natiolyalepresentative saptes of individuals. These
surveys included women of child-beagrage — 15 throgh 44years of ge. Data from the CSFII for the
period includirg 1989 and 1991 were used to calculate fish intgkihdgeneralpopulation and women
of child-bearimg age. This supopulation includedoregnant women, which are a qudpulation of
interest in the MercyrStudy: Report to Comgress, because of tipetential develpmental toxiciy to the
fetus accorparying ingestion of metiiimercury. Analysis ofVital and Health Statisticdata from 1990
indicated that 9.5% of women in thigeegroup can bepredicted to bgregnant in agivenyear. The size
of this population has been estimated ugthe methodolgy described in the Addendum to this ptea,
entitled "Estimated National and enal Pgulations of United States Women of Child-Begrixge."

The data described in this section were obtained from nagiaeatesentative saphes of
individuals and were wghted to reflect the U.Sopulation usimg the sarpling weightsprovided ly
USDA. The basic suryewas degined toprovide a multistge stratified are@arobability sanple
representative of the 48 conterminous states. giitigig for the 1989, 1990 and 1991 data sets was done
in two stages. In the firsphase a fundamental splimg weight (the inverse of thprobability of
selection) was coputed and the r@snding weight (the inverse of thprobability of selection) was
conmputed for each rg@nding household. This fundamental saling weight was then gdsted to
account for non-rgmnse at the areageent level. The secomhase of computations used the wghts
produced in the firgbhase as the startjmpoint of a rewajhing process that usedgeession techigues to
calibrate the sapbe to match characteristics thght to be correlated with eatjibehavior.

The weghts used in this angis reflect CSFIl individualproviding intakes for three ga.
Weights for the 3-daindividual intake saple were constructed garatel for each of the thregender-
age groups: males ges 20 and over, femaleges 20 and over argrsons ged less than 2gears.
Characteristics used in vghit construction included glaof the week, month of thgear, reion,
urbanization, income aspgrcent ofpoverty, food starp use, home ownerghihousehold coposition,
race, ethnicit and ge of the individual. The individual's gaoyment status for therevious week was
used forpersons ges 20 and older, and the gloyment status of the female head of household was used
for individuals less than 2gears of ge. The end result of this dual whbting process was tprovide
consunption estimates which aremesentative of the U.population.

Regpondents were drawn from stratified apeabability sanples of noninstitutionalized U.S.
households. Suryeregpondents were suryed across all four seasons of ylear, and data were
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obtained across all sevenydaof the week. The dietaassessment methodgloconsisted of assessment
of three consecutive ga of food intake, measured thghuone 24-hour-recall and two 1ydépod

records. For this angdis, the saiple was limited to those individuals wipoovided records or recalls of
three dgs of dietay intake.

For purposes of intguretability, it should be noted that assessment of fish copsompatterns
by recall/record assessment methods widbably differ from assessments based on foodueng
methods (See Section 4.1.2.3, below). In order to bgrosid a consumer or "user" of fish for
purposes of thgresent angkis, an individual would need to havpeoged consumtion of one or more
fish/shellfishproducts at some time dugrhe three dgs when dietar intake was assessed. Since fish is
not a freuently consumed food for the faaity of individuals, this dietagrassessment method will likel
underestimate the extent of fish congtion, because some individuals who normalbnsume fish will
be missed if thedid not consume fish duigrthe three dgs of assessment. In contrast, such users would
bepicked p by a food freueng questionnaire. The recall/record digtassessment method does have
the advantge, however, oproviding moreprecise estimates of tlguantities of fish consumed that
would be obtained with a food freeng record.

The information that follows comes from the CSFIl 1989-1991 andoveasded under contract
to U.S. EPA g Dr. Pamela Haines of the partment of Nutrition of the Universitof North Carolina
School of Public Health. Data goeesented for followig groups of individuals surwed by USDA in
the CSFII: data for the totpbpulation, datagrouped by gender, and for datgrouped ty age-gender
catagories for the ge groups 14years oryourger, 15 throgh 44years, and 4gears and older (Table 4
5).

Fish consumtion was defined to reflect consption of gpproximatel 250 individual "Fish
only" food codes andpgproximately 165 "Mixed dish-fish" food codgwesent in the 1994 version of the
USDA food conposition tables. The USDA maintains a data base (called thepdReibe") that
describes all food gredients that arpart of aparticular food. Throgh consultation with Dr. Bejt
Perloff, an USDA egert in the USDA regie file, and Dr. Jacob Exler, an USDApext in food
conposition, the USDA regie file was searched for food codes contajriish or shellfish. The repée
was then scanned to determine fish codes thatpresent in the repée reported as consumed ibhe
survey repondent. Theercent of the repe that was fishypweight was determinedybdividing the
weight of the fish/shellfish in the distylthe total wejht of the dish.

As with most dietar assessment studies, mpliti days of intake were avegad to reflect usual
dietay intake better. Intakesperted over the three-ggeriod were summed and then dividgdtbree
to provide consumition estimates on per person per dg basis.

Fish consumtion was defined within the followincateyories.

1. Fish and Shellfishall types reflected consygtion of ary fish food code.

2. Marine Finfish included fish not furthemecified (eg., tuna) angrocessed fish sticks,
as well as anchgy cod, croaker, eel, flounder, haddock, hake, hgrrimtackerel, mullet,
oceanperch,pompano,porgy, ray, salmon, sardines, sea bass, skate, smeljestur
whiting.

3. Marine Shellfisincluded abalone, clams, crab,\dish, lobster, musselsysters,
scallgs, shrinp and snails.

4, Tuna contained oml tuna.

5. Shark, Barracuda, and Swordfisbntainedust these thregscies of fish.

6 Freshwater Fistcontained can, catfish,perch,pike, trout and bass.

The anasis was stratified to reflecpér caita" (Table 4-12), as well apér user” (Table 4-13),
consunption patterns. A "consumer"” dfish and Shellfishall types was one who consumedyani the
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included fish on} or mixed-fish dish foods. Marine Finfishconsumer was one who consumey ah
the gecies of fish included within the marine finfish agig/, and so on for each cgtay. Thepercent
of thepopulation or supopulation consumig fish was listed for the entifpulation, as well agender
specific values, andge-gender catgory specific values.

Table 4-12
Consumption of Fish and Shellfish (gms/day), and Self-Reported Body Weight (kg)
in Respondents of the 1989-1991 CSFII Survey.
"Per Capita" Data for All Survey Respondents
(Data are wajhted to be neresentative of the U.population.)

Gender | Aged 14 Years or | Aged 15 through Aged 45 Years or Total
Younger 44 Years Older

Mean SD kg, | Mean | SD Kgpw Mean SD K9pw Mean SD Kduw
Males 9 20 26 |19 35 73 20 36 a0 17 33 68

Females | 8 18 24 |14 28 63 18 30 67 14 27 58

Table 4-13
Consumption of Fish and Shellfish (gms/day), and
Self-Reported Body Weight (kg) in Respondents of the 1989-1991 CSFIl Survey
(Data for "Users" Onl. Data are wghted to be rpresentative of the U.opulation.)

Gender Aged 14 Years or | Aged 15 through | Aged 45 Years or Total
Younger 44 Years Older
Mean SD kQyy | Mean | SD | kg,, | Mean | SD Ky, | Mean | SD KQpw
Males 32 27 |28 54 39 |80 (51 42 |83 49 39 |59
Females 29 24 |24 |41 35 |63 [42 34 |68 40 33 |54

Consunption of fish-ony and mixed-fish-dishes was summed across the three availgblefda
dietay intake data. This sum was then dividgdtiree to create avagaper da fish consumtion
figures. In the tables that describe fish intake, informatipresented on sgote size percent of the
population who consumed gmproduct within the gecified fish catgory, the meargrams consumeper
day and the meagrams consumepler kilogram bog weight (based on self-pprted bog weights),
standard deviation, minimum, maximum, andbpulation intake levels at the 5th, 25th, 50th (median),
75th, and 95tipercentiles of the intake distribution for eagjegender catgory. The means and
standard deviations were determined ggirBASprogram. Survg sanple weights were pplied.
Analysis with SAS does not take dgsieffects into account, so the estimates of variangedifi@r from
those obtained if SUDAAN or sugiackages had been used. It should be noted, however, thpoitite
estimates of consygtion (gramsper consumeper dg, gramsper consumeper kilogram of bog
weight) will be exacty the same between the two statistical gsiapackages. Thus, theoint estimates
reported are accurate angdmopriate for intepretation on a national level.

Data were obtained for 11,706 individualpading 3-days of diet in the 1989-1991 CSFII
surveg/. Analyses were based on data gided throgh statisticaprocedures (as describpreviousy) to
be representative of the U.population. The totagroup of reppondents rporting consunption of finfish
and/or shellfish durigthe 3-d& period weregrouped as a syimpulation who consumed fish, as can be
observed in Table 4-13. Fish and shellfish (total fish copton) were reorted to be eaternyt8614
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persons (30.9%) of the 11,706 of the syrvegpondents (see Tables 4-12 and 4-13). Theouldation
considered to be @freatest interest in this Mergustud/: Report to Corgress were women of child
bearirg age (15 throgh 44year-old females). Amanthisgroup of women ges 15 throgh 44years,
864 women of the 2837 sumed (30.5%) rported consumigfish (see Tables 4-12 and 4-13). Within
this group, 334 women ngorted consumtion of finfish durirg the 3-d& survey period.

Consunption of fish and shellfish variedylspecies of fish. Overall, marine finfish (not
including tuna, swordfish, barracuda, and shark) and tuna were consymeatd individuals and in
greaterguantity than were shellfish. Tuna fish was the mosgdently consumed fislproduct, and
separate tables angrovided that identif quantity of tuna fish consumed. Two other qaiges of finfish
were identified: freshwater fish and a gty conprised of swordfish, barracuda, and shark.
Freshwater fish were of interest because U.S. EPA'gsanalf the fate and trapart of ambient,
anthrgogenic mercuy emissions from sources of concern in thigreindicates that fish nya
bioaccumulate emitted mergur Swordfish, barracuda, and shark were also identified gsasase
category. These ar@redatoy, highly migratoly species thatgend much of their lives at theghi end of
marine food web. These fish aregatand accumulate gtier concentrations of merguthan do lower
trophic level, smaller fish.

4.1.2.2 Estimated Frgueng of Fish/shellfish Consuption Based on Food Fgeeng Questions
in CSFII 1994 and NHANES Il

Both survegs includedguestions on frgueng of consumption of fish and shellfish. Thepscific
wording of thequestions are shown in the box. The wogdii CSFIl 1994 searated canned fish from
fish makirg it difficult to provide an overall estimate of fish congution because no paratequestion
addressed fopieng of consunption of canned fish. The CSFII sugvalsoprovided a sparatequestion
on whether of not anof the fish the rggondent ate was cght by the repondent or someone known to
the repondent. Amog those regondents who ate non-canned fish dgtinepast 12-montlperiod
(84.1% of repondents), 37.5% indicated that yhead consumed fish cglot by themselves or person
known to them. Shellfish wereperted to have been consumeda®.2% of repondents durig the past
12-monthperiod.
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Fish Consumption Survey Questions

CFSIl 1994

During the past 12 months, that is, since last (NAME OF MONTH), (have you/has NAME) eaten any
(FOOD) in any form?

Yes No
Shellfish. ... ... . 1 2
Fish, other than shellfish or canned fish ........... 1 2
IF YES: Was any of the fish you ate caught by you or
SOmMeone you Know? .. ... . 1 2

NHANES Il

N2. MAIN DISHES, MEAT, FISH, CHICKEN, AND EGGS
Times Day Week Month Never or DK

g. Shrimp, clams, oysters,
crabs, and lobster per 1oOD 20W 30M 40N or 9oDK

h. Fish including fillets, fish sticks
fish sandwiches, and tuna fish __ per 10D 20W 30M 40N or 9oDK

In the CSFII 1994 surye sukjects who consumed figither than shellfish or canned figlere to
select the answeres.” Because canned fishgetuna, sardines) peesent mgor food items, gortion
of the fish consumers would indicate yheere nonconsumers if thate canned fish onl
Consguently, usirg the results from the CSFIl 19¢destion would underestimate thequeng of
consunption of fish.

NHANES Il included twoquestions on fish and shellfish congution aspart of the household
interviewportion of the surwe. The gecific format and wordig are shown below. Questions ¢Nand
N2h addressed shrpfshellfish and fish g@ratey. Repondents were asked to indicate theigireny
of consunption: never, or how often dgil weekl/, or monthy they consumed shripishellfish @) or fish
(h). Analyses of data from thespiestiongrovided the estimates of fjeenq of fish and shellfish
consunption shown in Table 4-14.

Table 4-14
Frequency of Fish/Shellfish Ingestion and Percent of Respondents*
(NHANES lll, Food Frequency Questionnaire, Weighted Data)

Number of times | All Adults | Women Aged Men Aged Women Aged 45| Men Aged 45
per month 15— 44 Years| 15 —44 Years | Years and Older | Years and Older
0 12 14 11 11 9
1 or more 88 86 89 89 91
2 or more 79 78 81 80 83
4 or more 58 56 58 61 63
8 or more 23 25 29 30 31
12 or more 13 12 14 15 14
24 or more 3 3 3 2 3
30 or more 1 2 2 1 2

*Adult subjects only. Food frequency data were not collected for children ages 11 and younger.
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Frequeng of fish and shellfish consystion data have also been calculatgcethnic/racial
grouping. Thegroups were: Non-Hipanic whites (“Whites”), Non-Higanic blacks (“Blacks”) and
persons deghated as “Other” who includgekrsons of Asian/Pacific Islander ethinjciNative
Americans, Non-Mexican Hmsnics predominatef persons from Puerto Rica and other Carribean
Islands), and additiongroups not in the catpories “Whites” or “Blacks”. Food figueng data for these
groups is shown in Tables 4-15 and 4-16.

Table 4-15a
Frequency of Fish and Shellfish Consumption by Percent among
All Adults, Both Genders, Weighted Data, NHANES I11*
(Estimated Frequency Per Month)

Frequency per Month White Black Other

Zero 11.8 11.3 15.1

Once a Month or More 88.2 88.7 84.9

Once a Week or More 57.1 63.5 60.3

Twice a Week or More 25.9 31.9 31.2
Three-Times a Week or More | 11.6 15.0 22.9
Approximately Daily (6 Times | 1.9 3.3 8.9

Per Week)

* Adult subjects only. Food frequency data were not collected for children aged 11 years and younger.

Table 4-15b
Frequency of Fish and Shellfish Consumption by Race/Ethnicity,
Women Aged 15-44 Years, Weighted Data, NHANES III
(Estimated Frequency Per Month)

Frequency per Month White Black Other

Zero 13.2 10.1 19.1

Once a Month or More 86.8 89.9 80.9

Once a Week or More 54.5 62.8 59.3

Twice a Week or More 22.0 31.7 35.6
Three-Times a Week or Morg 9.5 15.9 22.7
Approximately Daily (6 Times| 1.7 3.2 9.2

Per Week)
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Table 4-16a

Distribution of the Frequency of Fish and Shellfish Consumption by Race/Ethnicity

All Adults, Both Genders, Weighted Data, NHANES Il

Percentile Whites Blacks Other
50th 4 4 5
75th 8 8 10
90th 13 13 22
95th 17 19 32

Table 4-16b

Distribution of the Frequency of Fish and Shellfish Consumption By Race/Ethnicity

Among Adult Women Aged 15-44, Weighted Data, NHANES IlI

Percentile Whites Blacks Other
50th 4 4 5
75th 7 8 10
90th 11 14 23
95th 15 20 31

Overall 88% of all adults consume fish and shellfish at least once a month with 58% of adults
consumig fish at least once a week. Between 13% and 23% consume fish/shellfish two or three times
per week. An estimated 3% indicateyremnsume fish and shellfish six times a week with 1% of all
regpondents indicatig they eat fish and shellfish dgil Conparatively small differences exist based on
age andgender of adults. Twpercent of women of moductive ge and 2% of men in thega rarge 15
through 44years indicate theconsume fish/shellfish dail

Among diverse supopulations those degmated as “Other” consume fish and shellfish more
frequently than do individuals igroups identified as “White” and “Black”. In the “Other” cagary 5%
of individuals consume fish and shellfish ggi@5thpercentile value). pproximately 10% of the
sulpopulation of “Whites” consume fish and shellfish three-times or mperaveek with pproximately
23% ofpersons in the “Other” classification consumfish and shellfish three-times a week or more.

4.1.2.3 Fregueng of Consunption of Various Fish fecies ly Repondents in NHANES Ili
Grouwing of fish and shellfishgecies ly habitat (i.e., freshwater, estuarine, and marine) was

done based on angamization develped by US EPA’s Office of Water. Table 4-17 shows which
species wergrouped into these three habitat agudes.
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Table 4-17

Classification of Fish Species by Habitat*

Marine Estuarine Freshwater
Abalone Anchow Camp
Barracuda Clams (8%) Catfish
Clams (92%) Crab (46%) Pike
Cod Croaker Salmon (1%)
Crab (54%) Flatfish (29%) Trout
Flatfish (71%) Flounder

Haddock Herring

Halibut Mullet

Lobster Oyster

Mackerel Perch

Mussels Scallgp (1%)

Ocean Perch Scy

Octaopus Shrinp

Pollock Smelts

Ponpano Sturgeon

Pomgy

Salmon (99%)

Sardine

Scallg (99%)

Sea Bass

Seafood (a., fish sauce)

Shark

Snaper

Swordfish

Sole

Squid

Tuna

Whitefish

Whiting

*Unprocessed fish (Food Codes 2815061 and 2815065) were not classified by habitat.

Mean consumpion rates for oryl males and females whoparted consumig fish/shellfish in the
NHANES Il data set are shown in Table 4-18. Congtion rates for geciesgrouped as marine,
estuarine, and freshwater are shown in Table 4-19. Marine fish are the moshfyeconsumed
followed by estuarine and freshwater fish. However, when freshwater fish are consurpeditiresize
is larger than for marine or estuarine fish. Males consumeeigortions of ay of the fishgroups than
did female sujects.
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Table 4-18
Weighted Estimates of Fish and Shellfish Consumed (gms) for Females and Males Aged 15 - 44
Years Reported in NHANES III (Per User)

Statistic Females Males
Mean 103 146
Standard Deviation 116 149
Minimum 1 1
Maximum 117 1097
Percentiles
5th 12 14
10th 20 28
25th 37 51
Median 73 97
75th 131 185
90th 228 345
95th 288 435
Observations 883 645
Sum of Weights (000s 1,162 9,223

Table 4-19
Weighted Estimates for Fish and Shellfish Consumed (gms) by Female and Male Respondents
Aged 15 - 44 Years Reported in the NHANES Il Survey by Habitat of Species Consumed

Statistic Marine Fish Estuarine Fish Freshwater Fish
Females Males Females Males Females| Males
Mean 86 113 69 122 158 274
Std. Dev 86 122 64 131 138 268
Minimum 0 0 0 0 7 14
Maximum 957 1004 517 981 740 1097
Percentiles
5th 8 1 8 5 13 42
10th 14 12 9 8 26 42
25th 37 44 22 29 50 123
Median 55 84 47 64 127 185
75th 109 153 101 175 235 313
90th 209 204 168 355 330 617
95th 247 351 202 357 330 929
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Table 4-19 (continued)
Weighted Estimates for Fish and Shellfish Consumed (gms) by Female and Male Respondents
Aged 15 - 44 Years Reported in the NHANES 11l Survey by Habitat of Species Consumed

Statistic Marine Fish Estuarine Fish Freshwater Fish
Females Males Females Males Females| Males

Observations 519 387 221 198 82 60

Sum of Weights (000s 6,457 5,999 2,653 2,477 516 588

4.1.3 Subpopulations with Potentiayi Higher Consumtion Rates

Thepurpose of this section is to document fish congtiom rates amampU.S. sulpopulations
thought to have hgher rates of fish consystion. These sytpulations include residents of the States of
Alaska and Hawaii, Native American Tribes, Asian/Pacific Island etiroigos, amglers, and children;
thesegroups were selected for ayals because gqfotentially elevated fish consyption rates rather than
because thewere thoght to have a Igh innate sensitiwtto metlylmercury. Thepresented estimates
are the results of fish consption surve/s conducted on theacific populations. The suryes use
several different techgiles and illustrate a broad genof consumtion rates amagthese
sulpopulations. In several studies the fish conption rates of the syiopulations corroborate thedti-
end (90thpercentile and above) fish consption estimates of the the nationwide food congtion
surveys.

Many of the survgs of fish consumption conducted on gh-end fish consumers also included
anal/ses for mercwyrin hair and blood of thpegple who were syfects. These data on bigloal
monitoring provide an additional bases to estimate marexposure.

4.1.3.1 Sulpopulations Included in NationglIRepresentative Food Consytion Surve/s

Contenporaty food consurption surves desjned to be neresentative of the U.opulation as
a whole included identifiers for ethnicaliliverse supopulations. Publigt available data from the
NHANES Il combined three sylopulations of interest with gard to level of fish consuption:
Asian/Pacific omjin, Native American ogin, and others. Bcontrast, the CSFIl 1994 and CSFIl 1995
surveys provided sparate estimates for identified ethnic papulations: white, black, Asian and Pacific
Islander, Native American and Alaskan Native, and other (geed~4-1).

The 50th, 90th and 95gkercentiles for all suryeparticipants in CSFIl 1994 and CSFII 1995 for
“Day 1" and “Dg 2" recall data are shown in Table 4-20. The number of 24-hour recall food
consunption reports for eactgroup is noted in the table food note. Data presented for bothger
cgpita” and ‘per user.” The syppulation self-deginated as “white” has the smallest intake of
fish/shellfish and mercyrat the 50ttpercentile. “Blacks” have gher levels of intake and Asian and
Pacific Islanders have theghiest intake of fish/shellfish. Similpatterns are observed at the 90th and
95thpercentile.

If the data are calculated for grthosepersons who fgorted consumig fish and shellfish, a
somewhat differenpattern emages. A median intake of fish/shellfish is the lowest aghasian and
Pacific Islanders, intermediate angdmvhites” and hghest amog “blacks.” The number of observations
amorg Native Americans and Alaska Natives are too smaltaduce reliable estimates.
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Figure 4-1
Distribution of Fish Consumption Rates of Various Populations
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Table 4-20
Consumption of Fish and Shellfish (gms/day) among Ethnically Diverse Groups
(Source: CSFIl 1994 and CSFIl 1995)

Ethnic Group Fish Consumption(grams/day)
Per Capitd Per Usef

White

50th Percentile Zero 72

90th Percentile 24 192

95th Percentile 80 243
Black

50th Percentile Zero 82

90th Percentile 48 228

95th Percentile 104 302
Asian and Pacific Islander

50th Percentile Zero 62

90th Percentile 80 189

95th Percentile 127 292
Native American and Alaska Native

50th Percentile Zero Estimate not made becauge

90th Percentile Zero of small numbers of

95th Percentile 56 respondents
Other

50th Percentile Zero 83

90th Percentile Zero 294

95th Percentile 62 327

Total number of 24-hour food consumption recall reports: White (16,241); Black (2,580); Asian and
Pacific Islander (532); Native American and Alaska Native (166): and Other (1,195).

2 Number of 24-hour food consumption recall reports: White (1,821); Black (329); Asian and Pacific
Islander (155); Native American and Alaska Native (12); and Other (98).

4.1.3.2 Specialized Surves

During thepast decade, data descrippithe quantities of fish consumed/targler, economicait
subsistent, and North American Trilgabups have beepublished (Tables 4-23 and 4-30).
Sulpopulations ofparticular concern because ofpesurepatterns are Native Americangost arglers,
the urbarpoor, and children. Data on fish congutian for thesegroups indicate that eposures for these
sulgroups exceed those of tlgeneralpopulation of adults. If North American data, inclugithose
from Canada, are considered, meycexposures from the marine food webgesially if marine
mammals are consumed) exceed limits such as the Tolerabydake establishedytHealth Canada
(Chan, 1997) and the Aga@able Daiy Intake establishedytthe U.S. Food and DguAdministration.

The data cited below ompecific sulpopulations are not utilized in this Rert as the basis of a
site-gpecific assessment. In a sitgesific assessment the fish constion rates amaoga survged
population would be combined witlpscific measurements of melmercurly concentrations in the local
fish actualy consumed to estimate the human contact rate. ygsalne follow-p anaysis such as
concentrations of mercyiin human blood or hair would ensue.
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Analytic and survg methods to estimate the fish congtion rates of the r@gndents are
described for eacpopulation. This chpter does not constitute an exhaustive review of the methods
enployed. An atterpt was made to characterize fhapulation survged. Additionaly, to characterize
the entire rage of fish consumption rates in the suryed populations, the consuption rates of both
averge and hgh-end consumers as well as othagdific argler sulpopulations (eg., fish consumtion
by argler race or ge) arepresented.

The sources of consumed fish are also identified in the summaries. Fish congumathhs
can be derived from mgrsources; these include self-gat gift, as well aggrocely and restaurant
purchases. Some studies describeg timé consumtion rates for self-caght fish or freshwater fish,
others estimate total fish conspiion, and some delineate each source of fish. Humans also consume
fish from mauy different ypes of water bodies. When describgdite rgoorting authors, these are also
identified.

Assunptions concernig fish consumtion made § the stug authors are also identified.
Humanggeneraly do not eat the entire fish; however, thedes and bodparts of fish which are
consumed mabe hghly variable amog argler populations (for exarple, see Tg et al. 1995). Aglers
do not eat their entire catch, and, soqecges of fish areypically not eaten Yy specific argling
sulpopulations. For exapie, Ebert et al. (1993) noted that somges andparts of harvested fish are
used as bait, fed faets or simply discarded. Studauthors account for the differences between catch
weight and number in a varietf different wgs. Typically, a consurmtion factor was pplied. These
assunptions inpact the author's consymion rate estimates.

Data from agler and indgenouspopulations are useful in that theorroborate the rages
identified in the 3-dafish consurption data. The data are not utilized in thigpBe as the basis of a
site-pecific assessment. In a sitgesific assessment the fish congation rates amoga survged
population would be combined witlpscific measurements of mgtmercury concentrations in the local
fish actualy consumed to estimate the human contact rate. ygaaine follow-p anaysis such as
concentrations in human blood or hair would ensue.

4.1.3.3 U.S. Subsistent Polations

Large urbarpopulations include individuals who obtain some of their fopa&tchirg and
eatirg fish from local urban waters. For exple, Waller et al. (1996) identifiegbpulations living alorg
the lake shore of Chiga who have readaccess to fishipwaters of Lake Miclgan alomy the break
waters, the harbors, and in therk lagoons agacent to Lake Miclgan (Table 4-21). Similar situations
occur for mag water bodies in urban areas thgbaut the United States.
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Table 4-21

Fish Consumption of an Urban “Subsistent” Group

women

of the women who consumed
sport-cawght fish also consumed
store-boght fish.

Study Description of Fish Consumption Pattern Notes
Group
Walller et al., | 484pregnant Africarn | 45 of 444 ate no fish; 46 of 444| Types of fish eaten most fijgently
1996 American, urbampoor | consumedrt-caight fish; 34 | in descendig order: catfishperch,

buffalo, silver bass, and whitin
Others included: bull heads,
sunfish, blugills, and crapie.
Most catfish consumed was storg
bouwght. Generall fisheaters did
not consume oglone ype of fish.
Most of the individuals eatq
sport-caight fish also ate wild fow
and othegame (duck, raccoon,
opossum, quirrel, turkey, goose,

and other fowl.

Anothergroup of urban consumers who subsist on fishpiesons who are not limited in
income, but individuals who choose to consumegelamoportion of their dietay protein from fish
because of tastreference opursuit of health benefits attributed to fish. For an undetermined number
of these individuals, particular pecies of fish mabepreferred (a., swordfish, sea bass, etc.) and
consumed extensivel Dependirg on the mercyr concentration of thpreferred fish, the result of
consumimg diets hgh in fish from one source can be substantimtreased eposure to mercyr For
exanple, Knobeloch et al. (199¢yovide cases morts of a famiy whose blood mercyrconcentrations
increased about ten-fold followgriong-term consumtion of aparticular commercial source of ported
fish (Table 4-22). Likewise, inveghtion ty state authorities in Maine of elevated blood mercur
concentrations thaint to result from ocqouational exosures to mercyr in fact, resulted from fpent
consunption of fish (Dr. Allison Hawkes, 1997). After followgrphysician’s advise to reduce fish
consunption the blood mercyrlevels decreased.

Table 4-22

High Fish Consumption among Urban Subjects: Case Report

Study

Description of
Group

Fish Consumption Pattern

Notes

Knobeloch et
al., 1995

Family consumig
commercialy available
fish.

Wisconsin famiy consumed two
meals/week of seabasspatted
from Chile and obtained
commercialy which had a mercyr
concentration between 0.5 and 0.7
pgg. Other fish havig low mercuy
concentrations (<0.0Bg/g) were
also consumed. The father
consumed an avega of 113g of
fish/day, the mother and son
consumed pproximately 75 and 37
grams of fish/dg, repectively.
Calculated mercyrintakes raged
from 9ug/day (yourg child) to 52
pg/day for the father in the
household.

Family members had blood mergur
levels elevated to 37 and Rg/L

and hair mercyrvalues of 10 and 1
pgg. Cessation of fish consuyption
for 200 dgs reduced blood merour
levels to 3 and hig/L.
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4.1.3.4 U.S. Immgrant Pgulations

Sulpopulations of recent imrgrants to the United States retain fquadterns characteristic of
their cultures with adaations based on the available foog@y. In the 1980s and 1990s, the
proportion of the U.Spopulation whose ancegtivas Southeast Asian or Caribbeamjiorincreased.
Thepele of rural Cambodia, Laos, and Vietnanpgemented their gricultural resourcesybhunting
and fishirg (Shubat et al., 1996) and nyacontinue to do so in the United States. Puffer (1981) found
that Oriental/Samoan recreationabams had fish consuption rates twice the mean value for albkens
in the survg. Specialized fish advisories for chemical contaminants and outagtams for
Southeast Asian communities have been dgeel¢Shubat et al., 1996). Increased corgion of
purchased frozen fish, as well as selfglaifish, amog Southeast Asians has beeparted (Shatenstein
et al., 1997). Overall, these sdpulations have lgher fish consumption than does thgeneral U.S.
population.

4.1.3.5U.S. Agling Poulation Size Estimate and Behaviors

Many citizens catch and consume fish from U.S. waters. The U.S. Fish and Wildlife Service
(U.S.FWS, 1988) rported that in 1985, 26% of the U &pulation fished; over 46 milliopegple in the
U.S. spent time fishig during 1985. Within the U.Spopulation fishirg rates raged from a low of 17%
for thepopulation in the Middle Atlantic statepuo 36% in the West North Central States. These
argling sulpopulations included both licensed and non-licensed fishers, hook and dileesaes well as
those who utilizedgecial amgling techngues (eg., bow and arrows pears or ice-fishig).

U.S.FWS (1988) also noted the harvest and compsiom of fish from water bodies where
fishing is prohibited. This disrgard or gnorance of fish advisories is corroborated in other U.@ean
surveys. For exarple, Fiore et al. (1989) noted that 72% of thepoeslents in a Wisconsin gler surve
were familiar with the State of Wisconsin Fish Conptiom Health Advisoy, and 57% of the
regpondents rported chaging their fishirg or fish consumtion habits based on the advigoMest et al.
(1989) noted that 87.3% of msdents were "aware generaly aware" of Michgan State's fish
consunption advisories. Finall Connely et al. (1990) neorted that 82% of rg@ndents knew about the
New York State fish health advisories. Vtaso noted apecific exanple in which amgler consurption
exceeded an advigor The State of New York State recommends the copgamof no more than 12
fish mealsyear of contaminated Lake Ontario figiesies;yet, 15% of the aglers, who fished this lake,
reported eatig more than 12 fish meals of the contaminafeeties from the lake in thgear.

The extent of the ating population can also bjidged from aguestion included in the USDA'’s
CSFII for theyears 1994 and 1995. In pemse to ajuestion of whether or not thdiad eaten fish within
thepast 12 months, 84% of individuals indicatedythad. Of those who had eaten fish, 38% indicated
that the fish thg had eaten was cglt by themselves or someone known to thepoesent.

4.1.3.6 U.S. Argler Surves

Summary of Angler Surveys

The results of the fish consption surveys are corpiled in Table 4-23. These results illustrate
the ramge of fish consumption rates identified in ajter consurption surveys. There is a broad rga of
fish consurption rates rported for agling populations. The rage extends from 8/day to greater than

200g/day. The variabiliy is the result of differences in the spudesgns andourposes as well as
differences in th@opulations survged.
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Table 4-23
Compilation of the Angler Consumption Studies

Source Population Percentile Daily Fish Notes
Consumption
g/day
Soldat, 1970 Columbia Mean 2 Estimate of avege finfish
River consunption from river.
Anglers
Puffer, 1981, Los Angeles | Median 37 Estimates for aglers and
as cited in U.S. | area coastal | 90th Percentile 225 family members who consumj
EPA, 1990 arglers their catch. Consuption rate
Ethnic Sulpopulation includes imestion of both
Medians finfish and shellfish.
African-American 24
Caucasian 46
Mexican-American | 33
Oriental/Samoan 71
Pierce et al., Commence- | 50th Percentile 23 Finfish only
1981; as cited in | ment By in | 90th Percentile 54
EPA, 1990 Tacoma, WA| Maximum Reorted | 381
Fiore et al., 1989( Licensed WI | Mean 12 Fish-Eaters, Dajl Sportfish
Anglers 75th Percentile 16 Intake
95th Percentile 37
Mean 26 Fish-Eaters, Total Fish Intake
75th Percentile 34
95th Percentile 63
West et al., 1989| Licensed MI | Mean 19 Daily Sportfish Intake
Anglers Mean for Minorities | 22
Maximum Reorted | >200
West et al., 1993| Licensed MI | Mean 15 Daily sportfish intake
Anglers 43
Turcotte, 1983 GA arglers | Child 10 Estimates of Freshwater Fish
Teenger 23 Intake from the Savannah Rivgr
Average Angler 31
Maximum Argler 58
Hovinga et al., Caucasians | Maximum Reported | 132 Re-examination of Previouysl
1992 and 1993 | living alorg Identified Hgh-End Fish
Lake Consumimgy Pqoulation
Michigan
Ebert et al., 1993 ME arglers | Mean 6 Sportfish Intake
licensed to | 50th Percentile 2
fish inland 75th Percentile 6
waters 90th Percentile 13
95th Percentile 26
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Table 4-23 (continued)
Compilation of the Angler Consumption Studies

Source Population Percentile Daily Fish Notes
Consumption
g/day
Courval et al., Data on 46% of Approximatel 30% of female
1996 1,950 regpondents regpondents consumed no
guestion reported eatig | sport-cawght fish - about doublg
naires from sport-cawght fish | that of male rggondents. In
Michigan 1-12 times: 20%| the 1 to 12 meal/month rga
arglers ayed reported eatig males and females about
18-34years. no gort-cawght | equally represented. More thafp
fish; 20% 13 meals/month gaosure
consumed 13 to| category had a hgher
24 meals. proportion of males.
Approximately
10% consumed
25 to more than
49 meals/month
Meredith and 29 locations Conpared Survey to determine
Malvestuto, 1996| in Alabama. harvest method | consunption rates of aglers
Seasonal and servig-size | yielded conparable estimates
estimates of methods of of grams/dg consumed.
freshwater estimatirg However, servig size method
fish consunption. yielded four-times as man
consunption consumers.

Harvest method
yielded estimate
of 43grams/dg
fish consumed
from all sites in
Alabama
(number = 563).

Serving-size
method
estimates 46
grams/dg from
all sites in
Alabama
(number = 1311

Consunption
lowest in the

Spring

U7
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Table 4-23 (continued)
Compilation of the Angler Consumption Studies

Source Population Percentile Daily Fish Notes
Consumption
g/day

Shubat et al., 30 Hmory Regondents ate| Consunption of cawht fish

1996 arglers an averge of only. No information about
(residents of 3.3+3.0 fish size of meals. |$ecies most
St. Paul and mealsper month | frequently caiwght: crappie,
Minnegpolis) (rarnge 0.5 to white bass and wale, other
fishing St. 12). Median 2 | bass (lagemouth and
Croix or mealsper month [ smallmouth), northerpike,
Mississppi and 8.8 meals af trout, bluaill and catfish.
Rivers. Ages 90thpercentile.
17-88.

Sekerke et al., FL residents | Male Mean 60 Total Home Fish Consuption

1994 receivirg Female Mean 40
foodstanps

Anglers of the Columbia River, Washington

Soldat (1970) measured fishiactivity alorg the Columbia River durgnthe dglight hours of
one calendayear (1967-68). The avega argler in the sarpled population made 4.7 fishantrips per
year and caght an averge of 1 fishper trip. Assumirg 200g of fish consumeger meal, Soldat

estimated an avega of 0.7 fish meals were harvestat trip; this results in an avega of 3.3 Columbia

River fish mealsfear. Theproduct of 3.3 mealgéar and 20@/meal is 66Qy/year; an estimate of 1.8
g/day results. While not morting the hgh-end harvestimor consumtion rates, Soldat perted that
approximatel 15% of the 1400 agters interviewed caght 90% of the fish.

Los Angeles, California Anglers

The results of studies from Puffer (1981) and Pierce et al. (1981) are described in U.S. EPA

(1989). Puffer (1981) conducted 1,059 interviews withlens in the coastal Los Ales area for an

entireyear. Consurtion rates were estimated forghers who ate their catch. These estimates were

based on agiing frequeng and the assuption of equal fish consurmption amomy all fish-eatirg family
members. The median consption rate for fish and shellfish was 8/flay. The 90thpercentile was
224.8g/day. Table 4-24 notes thedfier consurption rate estimates amgi®rientals and Samoans.
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Table 4-24
Median Recreationally Caught Fish Consumption Rate Estimates
by Ethnic Group (Puffer, 1981)

Ethnic Group Median Consumption Rate
(g/day)
African-American 24
Caucasian 46
Mexican-American 33
Oriental/Samoan 71
Total 37

Anglers of the Commencement Bay Area in Tacoma, Washington

Pierce et al. (1981), asparted in the U.S. EPA 1990 Basure Factors Handbook, conducted a
total of 509 interviews in the summer and fall around CommencemgnhBacoma, Washgion.
They assumed that 49% of the live fish gleti was edible and that 98% of the total catch was eaten. The
estimated 50tipercentile consuption rate was 28/day and the estimated 90gercentile consuption
rate 54g/day. The maximum estimated consption rate was 38f@/day based on dailargling.

Anglers of the Savannah River in Georgia

Turcotte (1983) estimated fish congutian from the Savannah River based on total harvest,
population studies and a Gaia fishely survey (Table 4-25). The ayber survey data, which included
the number of fishig trips peryear as well as the number and gin$ of fish harvesteper trip, were
used to estimate the avgeaconsumtion rate in the agler population. Several techgiies includig the
use of the agier surve data were used to estimate the maximum fish copomin the agler
population. Estimates of avaga fish consumption for children and teens was ajgovided.

Table 4-25
Freshwater Fish Consumption Estimates of Turcotte (1983)
Georgia Estimated Freshwater Fish
Subpopulation Consumption Rate (g/day)
Child 10
Teen-ger 23
Average Argler 31
Maximum Argler 58

Alabama Anglers

Meredith and Malestuto (1996) studiedjems in 29 locations in Alabama to estimate freshwater
fish consurption (Table 4-23). Theurpose of their stuglhad been to copare two methods of
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estimatirg fish consumtion: The harvest or krill suryeconmpared with the servipsize method of
estimatirg fish consumtion. These two techqilesyielded conparable estimates of mean fish intake
(43 and 4@&msherson/dg, regectively). The servig size method identified 1311 consumers while the
harvest method identified gnb63 consumers.

Wisconsin Anglers

Fiore et al. (1989) suryed the fishig and fish consuption habits of 801 licensed Wisconsin
arglers. The rgsondents were divided intodzoups: fish eaters and non-eaters. The fish egtexp
was further subdivided into fogroups: those who consumed 0-1@fishir, 1.9-4.5 kg fishiyr, 4.6
10.9kg fishAr and 10.9 < g fishiyr. Using an assumtion of 8 oz. (22'grams) fish consumed/meal, the
authors estimated that the mean numbepaoitgish meals/ear for all repondents (includig non-
eaters) was 18. The mean number of other fish nyealsincludig non-eaters was 24. The total
number of fish mealgéar was 41 for fish eaters and non-eaters combined and 42 for fish eaters onl
Recreational aglers were found to consume both commercial fish as wepas fissh. The estimated
daily consunption rates of the eaters-grdrepresented in Table 4-26.

Table 4-26
Daily Intake of Sportfish and Total Fish for the Fish-consuming Portion
of the Population Studied by Fiore et al. (1989)

Percentile Daily Sport-Fish Intake Daily Total Fish
Intake
Mean 12 g/day 26 g/day
75th 16 g/day 34 g/day
95th 37 g/day 63 g/day

Michigan Anglers

West et al. (1989) used a mail syrte conduct a 7-dafish consurption recall stug for
licensed Michgan amlers. The rgsondents numbered 1104, and theoese rate was 47.3%. The
mean fish consuption rate for aglers and other fish-eaimembers of their households was 18.3
g/day, and the standard deviation was 2.8ecause the stydvas conducted from Janyahrough
June, an off-season for some forms diliery in Michigan, hgher rates of fish consustion would be
expected durig the summer and fall months. A fyléar's mean fish consymtion rate of 19.2y/day was
estimated from seasonal data. The mean fish cqotgamrate for minorities was estimated to be 21.7
g/day. The hghest consumption rates rported were over 206/day; this occurred in 0.1% of the
population survged. Overall, fish consuption rates increased with gler ege and lower education
levels. Lower income and education legedups were found to be the gngiroup which consumed
bottom-feeders.

New York State Anglers

Connely et al. (1990) rported the results of a statewide syre¢ New York amlers. The
10,314 repondents (62.4% resnse rate) q@orted a mean of 20.5 ga ent fishirg/year. Of the
regpondents, 84% fished the inland waters of New York State, and 4&%¥te@ fishirg in the Great
Lakes. An overall mean of 45.2 fish mepés year was determined for New Yorkgiers. The authors
assumed an avega meal size of 8 oz. (22 of fish and estimatedysearly consunption rate of 10.1 §
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fish (27.79g fish/day). Unlike the Michgan amler stud/ (West et al., 1989), the overall mean number of
fish meals consumed increased with education level of gilerarFish consumption also increased with
increasig income; repondents earngnmore than $50,009éar consumed a mean of 54.3 meeis

year, and those with sorpestgraduate education consumed a mean of 56.2 rpegyear. The hghest
reported rgional mean consuption rates (58.8 meaig#ar) occurred in the Suffolk and Nassau Counties
of New York State.

Anglers of Lake Michigan

As part of a lager effort, Hovirga et al. (1992 and 1993) re-examined 115 eaters of Great Lakes
fish and 127 controls, who consumed smajlentities of fish, odinally identified in a 1982 effort.
Both more recent (1989) as well as 1982 corgiom rates of Great Lakepartfish were estimated. All
of theparticipants in the stugdwere Caucasian and resided in 11 communitiegydlake Michgan. The
population was divided into eaters (defined as individuals consuth@r® g (30g/day) or greater) and
controls (defined as individuals consugiimo more than 2.72gkyr). The consumtion rates for the
groups are reorted in Table 4-27.

Table 4-27
Fish Consumption Rate Data for Groups Identified in
Hovinga et al. (1992) as Eaters and Controls

Groups 1982 1982 Consumption 1989 1989 Consumption
Meals/Year Rates (kgl/yr) Meals/Year Rates (kgl/yr)
Mean (Range) Mean (Range) Mean (Range) Mean (Range)
Eaters 54 (24-132) 18 (11-53) 38 (0-108) 10 (0-48)
Controls -- -- 4.1 (0-52) 0.73 (0-8.8)

Anglers of Inland Waters in the State of Maine

Ebert et al. (1993) examined freshwater fish corgiom rates of 1,612 afers licensed to fish
the inland (fresh) waters of Maine. hhenly anal/zed fish caght and eatenybthe amlers. Arglers
were asked to recall the numbegesies and avege lergth of fish eaten in thpreviousyear; the actual
fish consurption rates were estimated based on an estimate of @dittien of the fish. The 78% of
regpondents who fished in th@eviousyear and 7% who did not fish but did consume freshwater fish
were combined for the aryals. Arglers whopracticed ice-fishig as well as fish cagint in both standig
and flowirg waters were included. Tweanthreepercent of the aglers consumed no freshwater fish. If
the authors assumed that the fish were sharedyeasrdrg all fish consumers in the gler's family, a
mean consuption rate of 3.%/day was estimated for each consumer. Table pr@8ides the fish
consunption rates for Maine agers.
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Table 4-28
Fish Consumption Rates for Maine Anglers

Percentile All Anglers Fish-consuming
Anglers
Mean 5.0 6.4
50th (median) 1.1 2.0
75th 4.2 5.8
90th 11 13
95th 21 26

Florida Anglers Who Receive Food Stamps

As part of a lager effort the Florida Dgartment of Environmental Ralation atterpted to
identify fish consurption rates of aglers who were thaght to consume bher rates of fish. Face-to
face interviews were conducted at five Florida food ptdistribution centers. The selected food giam
distribution centers were located in counties eitherghbito have a Igh likelihood of subsistence
arglers or whergoollutant concentrations in fish were known. Interviews with tyivie household's
primary seafoodpreparer were conducted at each cepwrguarter for an entirgear. A total of 500
interviews was collected. The interviewed were asked to recall fish cptisarwithin the last 7 dgs.
Specifically, the repondents were asked to recall tipedes, sources amgiantities of fish consumed.
Note that the rgmndents were oplasked to recall fish megbsepared at home (actual consption
rates mg have been bher if the repondents consumed seafood elsewhere) and that the sources of fish
were from both salt and freshwater. The results of the gworducted Y Sekerke et al. (1994) are in
Table 4-29.

Table 4-29
Fish Consumption Rates of Florida Anglers Who Receive Food Stamps

Respondent | No. | Average Finfish | Average Shellfish
Consumption Consumption
Adult Males 366 | 60g/day 50 g/day
Adult Females | 596 | 40g/day 30g/day

4.1.3.7 Indigenous Ppulations of the United States

The tribes and ethnigroups who conprise the indjenouspopulations of the United States show
wide variabiliyy in fish consurption patterns. Althogh some tribes, such as the Nayaonsume
minimal amounts of fish gsart of their traditional culture, other natigeoups — such as the Eskimos,
Indians, and Aleuts of Alaska, or the tribes o§@uSound — traditionallconsume Igh quantities of
fish and fishproducts. The U.S. indenouspopulations are widgi distributedgeagraphically. For
exanple, a U.S. EPA ngort (1992b) identified 281 Federal Indian reservations that cover 54 million
acres in the United States. Treaghts tograze livestock, hunt, and fish are hejdrativepeaples for
an additional 100 to 125 million acres. There are an estimated two million American Indians in the
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United States (U.S. EPA, 1992b). Refive percent of these two million natiyegle live on or near
reservations and trust lands. gHiend fish consumingroups include Alaska natives who number
between 85,000 and 86,0p8aple (Nobmann et al., 1992).

Fishproducts consumedylindigenouspopulations ma rely onpreparation methods that differ
from onesypically encountered in the diet of tigeneral U.Spopulation. By way of illustration, food
intake data obtained from Alaskan natives were used to calculate nutrient intages amiputer and
softwareprogram. These coputerized databases had been degyetldy the U.S. Veterans
Administration (VA) forpatients in the national Veteran's Administrationgias$ system. Nobmann et
al. (1992) found theneeded to add data for 210 digtaems consumedybAlaskan Natives to the 2400
food items in the VA files.

In the mid-1990s data on fish congution by indigenouspopulations of the United States were
reported for Alaska Natives (Nobmann et al., 1992), Wisconsin Tribes (U.S. EPA, 1992), the Columbia
River Tribes (Columbia River Inter-Tribal Fish Commission, 1994) and selected Bound Tribes
(Toy et al. 1995). Findigs from these studies can be used to assess differences in fish pimsum
between these ingénousgroups and theyeneral U.Spopulation.

Summary of Native American Angler Surveys

Table 4-30 summarizes thepoeted consumtion rates of Native Americans detailed here.
Although not all Native American tribgroups traditionaly include fish agpart of their dietsgroups
living near rivers, lakes, and coastal areas consume a vide/\adrish and shellfish. The glest
levels of fish and shellfish conspiion are thoght to occur amagtribal groups living alorg the Pacific
Coast and in Alaska. Tribgroups in the Great Lakesgm®n also include fish ggart of their ypical
diet. The data base to estimgtantities of fish consumed has begeatly enhanced over thmast five
years with theublication of a number of dietaassessments conductecpag of activities to determine
exposure to chemical contaminants in fish.

Surveys of Native American aers in the United States indicate an agerfish/shellfish
consunption in the rge of 30 to 8@ramsper dgy (U.S. EPA, 1992b; Harplet al., 1997; Tpet al.,
1995) with 90thpercentile consumption of about 15@rams/dg or higher (Toy et al., 1995). Inclusion
of data on Alaskan Native Americans results in stghbr levels of fish and shellfish intake. For
exanple, Nobmann et al. (1992)perted mean fish consuption estimates in excess of 1G&ams/dg.

Table 4-30
Fish Consumption by Native U.S. Populations

Source Population Percentile Fish-Meals Notes
Consumed or Fish
Consumption (gms)

Nobmann | 351 Alaska Native Mean 109gms of fish and
etal., 1992 | adults (Eskimos, shellfishper dg.
Indians, Aleuts)
U.S. EPA, | Wisconsin Tribes 11 | Mean 32 gms of fishper dg
1992b Native American
Indian Tribes
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Table 4-30 (continued)
Fish Consumption by Native U.S. Populations

Source

Population

Percentile

Fish-Meals
Consumed or Fish
Consumption (gms)

Notes

Peterson et
al., 1995

323 Chppewa adults
> 18years of ge.

Mean = 1.7 fish
meals/week.

(1.9 and 1.5 fish
meals/week for male
and for female
regpondents,
regectively).

0.26% of males and
0.15% of females
reported eatig 3 or
more fish-mealper
week.

50% of repondents
ate one or less fish
mealsper week.

21% of repondents
ate three or more fish
mealsper week.

2% of repondents ate
fish-meals each ga

Toy et al.,
1995

Tulalip and $juaxin
Island Tribes. 263
adult sulpects.

50th percentile:
Finfish, 22gms/dy;
total fish consumed,
43 gms/dy.

90th percentile:
Finfish, 88gms/dy;
total fish, 156
gms/dy.

Report contains
data for
anadromous fish,
pelagic, bottom
and shell fish.
Data are based ofj
an averge bod/
weight of 70

kg/day.

Fitzgerald
et al., 1995

97 nursig Mohawk
women

24.7% ate 1-9 local
fish mealsyear durimgy
pregnang;

10.3% ate >9 local
fish mealsyear durig
pregnang;

41.2% ate 1-9 local
fish mealsyear one
yearprior to
pregnang;

15.4% ate >9 local
fish mealsyear one
yearprior to
pregnang;

Study conducted
from 1986-1992
in area where fish
are contaminated
with PCB
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Table 4-30 (continued)
Fish Consumption by Native U.S. Populations

Source

Population

Percentile

Fish-Meals
Consumed or Fish

Notes

Consumption (gms)

Consunption of fish
from other lakes:

12.5% ate these
1x/week
5.7% ate these 2x/wee

89 repondents
avergyed 29 fish
mealsyear (raige zero
to 150 fish mealgkar)

Centers for | Miccouskee Indian Local fish: 31% (58 Blue gill most
Disease Tribes of South persons) rported common pecies
Control, Florida (1993), 2 eatirg fish from of local fish
1993 children and 183 Evemlades durig consumed.
adults corpleted previous 6 months. Largemouth bass
dietay questionaires Maximum daiy consumed in
consunption: 168 greatesguantity
grams Median dajl
consunption: 3.5grams
Canned tuna mog
Marine fish: 57% (105 | commony
persons) consumed consumed (pall
marine fish durig 105 of marine
previous 6 months. consumers) and
in the lagest
Nonlocal freshwater amounts (7.0
fish: 1 individual, 25 grams/dg
grams/dg median level)
Localgame
Local wildlife: 65% consumed: deer
(120participants) (57% of
consumed locagame. | participants),
wildboar (10%),
redbelly turtle
(10%), frag (5%)
and allgator
(3%)
Gerstenber | 89 Qibwa Tribal 35% of repondents ate| Most frequently
ger et al., members from the Lake Syerior fish consumed fish
1997 Great Lakes Rgon 1x/week. 6.7% ate from Lake
Lake Syerior fish Superior: lake
2x/week. trout (37%),

walleye (27%),
whitefish (27%).

From inland
lakes: Wallge.

Highest fish
consunption in
April, May, and
June
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Table 4-30 (continued)
Fish Consumption by Native U.S. Populations

Source Population Percentile Fish-Meals Notes
Consumed or Fish
Consumption (gms)
Harnly et Native Americans Fish-consumig Sportfish gecies:
al., 1997 living near Clear Lakg participants averged catfish,perch,
California 60 g/day of sportfish hitch, bass, car
and 24g/day of
commercial fish. Commercial fish:
snaper, tuna,
10% of adults salmon, crab,
consumed ig intakes > | shrinp.
30ugday

Wisconsin Tribes

An U.S. EPA reort entitledTribes at RisKThe Wisconsin Tribes Caparative Risk Pri@ct)
(US EPA, 1992) neorted an avege total day fish intake for Native Americans livinin Wisconsin of
35gms/dy. The averge dail intake of local harvested fish was 31dgsams.

Peterson et al. (1995) superl 323 Chipewa adults over 1gears of ge living on the Chipewa
reservation in Wisconsin. The suywras conductedybinterview and includeduestions about season,
species and source of fish consumed. The suwes carried out in Ma Fish consumtion was found
to be seasonal with theghiest fish consuption occurrirg in April and May. Fish pecies ypically
consumed were walje and northerpike, muskelluge and bass. Durgthe months in which the
Chippewa ate the most fish, 50% of peadents rported eatig one or fewer fish mealser week, 21%
reported eatig three or more fish meafer week, and 2% perted daiy fish consumtion. The mean
number of fish mealger week durig the peak consumtion period was 1.7 meals; this ip@oximatel
42% hgher than the 1.2 fish megler week that rg@ndents rported as their usual fish consption.
Higher levels of fish consuption were r@orted ly males (1.9 mealger week) thanypfemales (1.5
mealsper week). Amog male repondents 0.26% ate 3 or more fish mgmsweek, whereas 0.15% of
female repondents ate 3 or more meals of fiEr week. Unemloyedpersonsypically had hgher fish
consunption rates.

Columbia River Tribes

The Columbia River Inter-Tribal Fish Commission (1994) estimated fish cquisummates
based on interviews with 513 adult tribal members of four tribes inhglfiEnColumbia River Basin
(see Tables 4-31 and 4-32). Tpaaticipants had been selected frpatient r@istration listsprovided ty
the Indian Health Service. Data on fish conptiom by 204 children under $ears of ge were obtained
by interviewirg the adults.

Fish were consumed/tmver 90% of thgopulation with ony 9% of the regondents rporting no
fish consurption. The averge daily consunption rate durig the two highest intake months was 108
grams/dg, and the dajl consunption rate durig the two hghest and lowest intake months were 108
g/day and 31g/day, repectively. Members who weregad 60years and older had an avggalaily
consunption rate of 74grams/dg. During thepast two decades, a decrease in fish copiomwas
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generaly noted amog regondents in this surye The maximum dajl consunption rate for fish
reported for thisgroup was @proximately 970grams/dg.

Table 4-31
Fish Consumption by Columbia River Tribes
(Columbia River Inter-Tribal Commission, 1994)

Subpopulation Mean Daily Fish Consumption (g/day)
Total Adult Pgulation, jed 18years and older 59
Children, ged 5years angourger 20
Adult Females 56
Adult Males 63
Table 4-32

Daily Fish Consumption Rates by Adults of Columbia River Tribes
(Columbia River Inter-Tribal Commission, 1994)

Percentile Amount (g/day)
50th 29-32
90th 97-130
95th 170
99th 389

Tribes of Puget Sound

A study of fish consurption amomg the Tulalp and $juaxin Island Tribes of Ret Sound was
conpleted in November 1994 (Veet al., 1995). The Tulgdiand $uaxin Island Tribes live
predominanty on reservations near gt Sound, Washgton. Both tribes rel on commercial fishig as
an inportantpart of tribal income. Subsistence fispiand shell-fishig are sgnificant parts of tribal
members economies and diets.

The stug was conducted between Febguand April in 1994. Fish consuption practices were
assessedylguestionnaire and interview ugiudlietay recall methods, food models and a foodjdieng
guestionnaire. The food fgaeng questionnaire was aimed as ideyitij seasonal variabiijt
Questions in the interview included fopeparation methods and obtained information onpidwgs of
the fish consumed. Fish consumed weregmaiteed into anadromous fish (kjrsalmon, sockge salmon,
coho salmon, chum salmapink salmon, steelhead salmon, salmon unidentified and sipedtgjc fish
(cod,pollock, sable fish,@ny dogfish, rockfish,greenlirg, herrirg andperch); bottom fish (halibut,
sole/flounder and stgeon); and shell fish (manila clams, little clams, horse clams, butter clams, cockles,
oysters, mussels, shrpndurgeness crab, red rock crab, scpdlosjuid, sea urchin, sea cucumbers and
moon snails).
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Estimated National and Regional Populations of
Women of Child-Bearing Age: United States, 1990

Because methylmercury is a developmental toxin, the subpopulation judged of particular concern
in thisMercury Study: Report to Congresss women of child-bearing age. Estimates of the size of the
population of women of reproductive age, number of live births, number of fetal deaths, and number of
legal abortions can be used to predict the percent of the population and number of women of
reproductive age who are pregnant in a given year. This methodology has been previously used in the
Agency for Toxic Substances and Disease Registry's (ATSDR's) Report to Congrasshature and
Extent of Lead Poisoning in Children in the United St@tésshak and Crocetti, 1990).

The estimates of number of women of child-bearing age calculated fehisiry Study:
Report to Congreswere prepared by Dr. A.M. Crocetti under purchase order from the EPA Office of
Air Quality, Planning and Standards (OAQPS). The techniques used by Dr. Crocetti parallel those used
to prepared the 1984 estimates for ATSDR. To estimate the size of this population on a national basis
Vital and Health Statisticdata for number of live births (National Center for Health Statistics of the
United States, 1990; Volume I, Natality, Table 1-60, pages 134-140), and fetal deaths (National Center
for Health Statistics of the United States, 1990; Volume II, Mortality; Table 3-10, pages 16, 18, and 20).
Fetal wastage, that is, spontaneous abortions prior to 20 weeks of gestation were not considered since no
systematically collected, nationally based data exist.

The estimate of number of women of child-bearing age includes some proportion of women who
will never experience pregnancy. However, substitution of the number of pregnancies in a given year
provides some measure of assessing the size of the surrogate population at risk. Estimates of the size of
the population were based on "Estimates of Resident Population of the United States Regions and
Divisions by Age and Sex" (Byerly, 1993). The Census data for 1990 were grouped by age and gender.
The sizes of these populations are shown in Table B-1.

Women ages 15 through 44 are the age group of greatest interest in identifying a subpopulation
of concern for the effects of a developmental toxin such as methylmercury. This population consisted of
58,222,000 women living within the contiguous United States. This population was chosen rather than
for the total United States (population 58,620,000 women ages 15 through 44 years) because the dietary
survey information from CSFIl 89-91 did not include Hawaii and Alaska. Based on estimates of fish
consumption data for Alaska by Nobmann et al. (1992) the quantities of fish eaten by Alaskans exceeds
those of the contiguous U.S. population. It is also estimated that residents of the Hawaiian Islands also
have fish consumption patterns that differ from those of the contiguous United States.

The number of pregnancies per year was estimated by combining the number of live births,
number of fetal deaths (past 20 weeks of gestation) and the number of legal abortions. The legal
abortion data were based on information published by Koonin et al. (199®)lidity and Mortality
Weekly ReportThese totals are presented in Table B-2. As noted in this table, the total of legal
abortions includes those with unknown age which were not included in the body of each table entry.
There were 2,929 such cases for the United States in 1990 or 0.2% of all legal abortions. Another
complication in the legal abortion data was for the age group 45 and older. The available data provide
abortion data for 40 years and older only. To estimate the size of the population older than 45 years, the
number of legal abortions for women age 40 years and older were allocated by using the proportions of
Live Births and Fetal Deaths for the two age groups 40-44 and 45 and older.



It was estimated that within the contiguous United States 9.5% of women ages 15 to 44 years
were pregnant in a given year. The total number of live births reported in 1990 for this age group was
4,112,579 with 30,974 reported fetal deaths and 1,407,830 reported legal abortions. The estimated
number of total pregnancies for women ages 15 to 44 years was 5,551,383 in a population of 58,222,000
women.
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Table B-1

Resident Population of the United States and Divisions, April 1, 1990
Census by Gender and Age; in Thousands, including Armed Forces Residing in Region

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
United States 248,710 53,853 117,610 77,248
Male 121,239 27,570 58,989 34,680
Female 127,471 26,284 58,620 42,567

% Female 51.3 48.8 49.8 55.1

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
Contiguous 247,052 53,462 116,772 76,817
United States

Male 120,385 27,369 58,548 34,467
Female 126,667 26,094 58,222 42,348

% Female 51.3 48.8 49.9 55.1

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total <15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
New England 13,207 2,590 6,379 4,239
Male 6,380 1,327 3,174 1,878
Female 6,827 1,264 3,202 2,361

% Female 51.7 48.8 50.2 55.7
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Table B-1 (continued)

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 45 Years
Gender of Age of Age of Age
Middle 37,602 7,471 17,495 12,638
Atlantic

States

Male 18,056 3,824 8,676 5,554
Female 19,547 3,645 8,818 7,083

% Female 52 49 50 56

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total <15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age

E North Central 42,009 9,233 19,596 13,180
Male 20,373 4,728 9,744 5,899
Female 21,636 4,505 9,851 7,279

% Female 51.5 48.8 50.3 55.2

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
West North 17,660 3,967 8,017 5,676
Central

Male 8,599 2,032 4,020 2,546
Female 9,061 1,935 3,997 3,129

% Female 51.3 48.8 49.9 55.1
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Table B-1 (continued)

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and

Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
South 43,567 8,864 20,579 14,122
Atlantic

Male 21,129 4,531 10,279 6,321
Female 22,438 4,333 10,301 7,804

% Female 51.5 48.9 50.1 55.3

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and

Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
East South 15,176 3,316 7,037 4,823
Central

Male 7,301 1,698 3,472 2,132
Female 7,875 1,618 3,565 2,692

% Female 51.9 48.8 50.7 55.8

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and

Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
West South 26,703 6,366 12,687 7,651
Central

Male 13,061 3,256 6,359 3,445
Female 13,641 3,110 6,328 4,204

% Female 51.1 48.9 499 54.9
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Table B-1 (continued)

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
Mountain 13,659 3,313 6,435 3,910
States

Male 6,779 1,696 3,259 1,825
Female 6,880 1,616 3,176 2,087

% Female 50.4 48.8 49.4 53.4

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total < 15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
West North 17,660 3,967 8,017 5,676
Central

Male 8,599 2,032 4,020 2,546
Female 9,061 1,935 3,997 3,129

% Female 51.3 48.8 49.9 55.1

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total <15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
Pacific (5 States 39,127 8,734 19,394 11,011
including Alaska

and Hawaii)

Male 19,562 4,476 10,004 5,083
Female 19,565 4,258 9,379 5,929

% Female 50.0 48.8 48.4 53.8
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Table B-1 (continued)

Resident Population of the United States and Divisions, April 1, 1990 Census by Gender and
Age; in Thousands, including Armed Forces Residing in Region.

Division/ Total <15 Years 15-44 Years > 44 Years
Gender of Age of Age of Age
Pacific 37,469 8,343 18,546 10,580
(Washington,

Oregon and

California only)

Male 18,708 4,275 9,563 4,870
Female 18,761 4,068 8,981 5,710

% Female 50.1 48.8 48.4 54.0
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Table B-2

U.S. 1990, by Age

Pregnancies by Outcome for Resident Females by Divisions and States,

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

United
States

Total** <15 Years 15-44 Years > 44
Years***
Females 127,471,000 26,284,000 58,620,000 42,567,000
Live births 4,158,212 11,657 4,144,917 1,638
Fetal Deaths 31,386 174 31,176 36
Legal Abortions 1,429,577 11,819 1,413,992 837
Total 5,619,175 23,650 5,590,085 2,511
Pregnancies
% Pregnant - 9.5 -

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

Contiguous
United
States

Total** <15 Years 15-44 Years > 44 Years
Females 126,667,000 | 26,094,000 58,222,000 42,348,000
Live births 4,125,821 11,615 4,112,579 1,627
Fetal Deaths 31,183 173 30,974 36
Legal Abortions 1,423,340 11,765 1,407,830 833
Total 5,580,344 23,553 5,551,383 2,496
Pregnancies
% Pregnant - - 9.5 -

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

New
England

Total** <15 Years 15-44 Years >44 Years
Females 6,827,000 1,264,000 3,202,000 2,361,000
Live births 201,173 270 200,827 76
Fetal Deaths 1,226 4 1,220 2
Legal Abortions 78,347 487 77,358 37
Total 280,746 761 279,405 115
Pregnancies
% Pregnant - - 8.7 -

B-8




Table B-2 (continued)

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

Middle
Atlantic

Total** < 15 Years 15-44 Years > 44 Years
Females 19,547,000 3,645,000 8,818,000 7,083,000
Live births 591,826 1,305 590,238 283
Fetal Deaths 5,653 25 5,622 6
Legal Abortions 252,599 1,912 250,484 157
Total 850,078 3,242 846,344 446
Pregnancies
% Pregnant 9.6

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

East
North
Central

Total** <15 Years 15-44 Years > 44 Years
Females 21,636,000 4,505,000 9,851,000 7,279,000
Live births 675,512 1,838 673,449 225
Fetal Deaths 4,555 14 4,537 4
Legal Abortions 166,897 1,056 165,434 109
Total 846,964 2,908 843,420 338
Pregnancies
% Pregnant 8.6

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

West
North
Central

Total** <15 Years 15-44 Years > 44 Years
Females 9,061,000 1,935,000 3,997,000 3,129,000
Live births 270,331 457 269,792 82
Fetal Deaths 1,741 6 1,733 2
Legal Abortions 57,219 398 56,562 30
Total 329,291 861 328,087 114
Pregnancies
% Pregnant - 8.2 -
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Table B-2 (continued)

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

South
Atlantic

Total** < 15 Years 15-44 Years > 44 Years
Females 22,438,000 4,333,000 10,301,000 7,804,000
Live births 700,285 2,644 697,424 217
Fetal Deaths 6,453 57 6,389 7
Legal Abortions 238,538 2,242 235,536 123
Total 945,276 4,943 939,349 347
Pregnancies

- 9.1 -

% Pregnant

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

East
South
Central

Total** < 15 Years 15-44 Years > 44 Years
Females 7,875,000 1,618,000 3,565,000 2,692,000
Live births 236,374 1,143 235,195 36
Fetal Deaths 2,954 25 2,027 2
Legal Abortions 53,919 662 53,030 19
Total 292,347 1,830 290,252 57
Pregnancies
- 8.1 -

% Pregnant

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

West
South
Central

Total** < 15 Years 15-44 Years > 44 Years
Females 13,641,000 3,110,000 6,328,000 4,204,000
Live births 472,721 1,852 470,715 154
Fetal Deaths 3,258 21 3,234 3
Legal Abortions 122,261 781 121,100 90
Total 598,240 2,654 595,049 247
Pregnancies

- 9.4 -

% Pregnant
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Table B-2 (continued)

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

Mountain

Total** < 15 Years 15-44 Years > 44 Years
Females 6,880,000 1,616,000 3,176,000 2,087,000
Live births 242,829 500 242,235 94
Fetal Deaths 1,492 6 1,483 3
Legal Abortions 50,880 288 50,330 31
Total 295,201 794 294,048 128
Pregnancies
% Pregnant - 9.3 -

Pregnancies by Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

Pacific

(5 states
including
Alaska and
Hawaii)

Total** <15 Years 15-44 Years > 44 Years
Females 19,565,000 4,258,000 9,379,000 5,929,000
Live births 767.161 1,648 765,042 471
Fetal Deaths 4,954 16 4,931 7
Legal Abortions | 408,917 3,993 404,158 241
Total 1,181,032 5,657 1,174,131 719
Pregnancies
% Pregnant - 12.5 -

Pregnancies by

Outcome for Resident Females by Divisions and States, U.S. 1990, by Age*

Pacific
(Washington,
Oregon, and
California)

Total** <15 Years 15-44 Years > 44 Years
Females 18,761,000 4,068,000 8,981,000 5,710,000
Live births 734,770 1,606 732,704 460
Fetal Deaths 4,751 15 4,729 7
Legal 402,680 3,939 397,996 237
Abortions
Total 1,142,201 5,560 1,135,429 704
Pregnancies
% Pregnant - - 12.6 -
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APPENDIX C
ANALYSIS OF MERCURY LEVELS IN FISH AND SHELLFISH
REPORTED IN NATIONAL MARINE FISHERIES SERVICE
SURVEY OF TRACE ELEMENTS IN THE FISHERY RESERVE
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C.1 Introduction

Some reviewers of data on the levels of mercury in fish and shellfish have expressed concern
about the methods used to handle “nondetects” by the investigators who originally reported the data on
the concentrations of mercury in fish and shellfish tissues. Specifically, these reviewers have expressed
concern about the potential impact that different methods of handling nondetects may have on the
reported mean concentrations of mercury. The purpose of this memo is to report the results of a data
analysis performed on the nondetects in the mercury data reported in théNegjmoral Marine
Fisheries Service Survey of Trace Elements in the Fishery Rekerematfter referenced as the NMFS
Report.

The major conclusion of this analysis is that different methods of handling nondetects have
negligible impact on the reported mean concentrations. This conclusion follows from two findings from
the data analysis, set forth below. First, when mean mercury levels are relatively “large”, there are few,
if any, nondetects, so the methodology employed to handle nondetects is irrelevant. Second, when mean
mercury levels are small, there are relatively large numbers of nondetects. However, the differences
between different methods of handling nondetects result in small differences in the resultant mean
values.

The NMFS Report reports number of samples, number of nondetects, and mean, standard
deviation, minimum and maximum mercury level in ppm for 1,333 combinations of fish/shellfish species,
variety, location caught, and tissue. Of these, 777 correspond to fish/shellfish species for which we have
mercury concentration data. These 777 combinations form the basis for the analyses reported in this
memorandum. They represent 5,707 analyses of fish and shellfish tissues for mercury, of which 1,467, or
26 percent, are reported as nondetects. Because the mercury concentration data is used in our analyses at
the species level, not at the more detailed species/variety/location/tissue level, we have aggregated, or
pooled, the 777 combinations to 35 different species for the purposes of this analysis.

In the following sections, we first discuss various methods of handling nondetects in calculating
mean mercury concentrations, then the analysis method adopted, and finally the results of that analysis.

C.2  Methods for Handling the Detection Limits

There are five methods commonly used to handle values below the detection limits in calculating
the mean mercury levels.

1.  All nondetects are treated as being equal tdl@ total number of samples for which
mercury was measured is used in the mean calculation and it is assumed that the
concentration of mercury is 0.000 whenever the chemical analysis was reported as
“not detected”. This approach may lead to an underestimation of the true mean.

2. All nondetects are excluded from the calculation of the mBa@& mean is calculated
as if these samples were not selected. The number of nondetects is subtracted from
the total number of samples for which mercury was measured, and the resulting
number is used to calculate the mean. This method may overestimate the true mean
and always yields a mean estimate greater than that obtained by method 1 (see
formulae in Addendum A).
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3.  All nondetects are replaced with a fixed value, usually one-half of the detection limit.
This method is the most widely used and accepted of the five methods. It is difficult
to know whether this method will lead to an underestimation or to an overestimation
of the true mean. But it will always lead to an estimate that falls between the
estimates obtained from method 1 and method 2.

4.  All nondetects are replaced with simulated mercury levels randomly selected in the
interval (0, detection limit) according to an appropriate statistical distributibinis
method is close in spirit to method 3 and, like method 3, will lead to an estimate
falling between estimates obtained from method 1 and method 2.

5.  All nondetects are replaced with the detection limikis method may overestimate
the mean as all nondetects are smaller or equal to the detection limit. The mean
calculated by method 5 will also be between the means obtained from method 1 and
method 2.

The NMFS Report says that method 2 -- nondetects dropped from the calculation -- was used to
calculate their reported mean mercury levels. However, an examination of their data indicates that the
investigators did not always use method 2. It appears that other methods, including method 1 --
nondetects set equal to zero -- may have sometimes been used.

C.3  Method of Analysis

The approach adopted amounts to comparing means obtained by two different methods. Since we
do not have access to the raw data, it was necessary to first assume that the reported mean mercury levels
were calculated by one of the five methods mentioned above. Then we calculated the mean that would
have been obtained if another method had been used.

Although it is possible to consider all ten possible combinations of two methods that can be
obtained from the five under analysis, we have confined ourselves to the case where the other methods
are compared with method 3, the latter being the most commonly used in such situations. The following
three scenarios are studied:

[ The reported means are assumed to have been calculated by method 1. The
corresponding mean mercury levels that would have been obtained by method 3 were
then calculated. The two sets of corresponding means are then compared. The
calculation method is reported in Addendum A.

[ The above analysis was repeated for method 2 and method 3.
[ The above analysis was repeated for method 5 and method 3. It should be noted that

if the reported mean is 0 and is assumed to be obtained by method 5 then method 3
might yield a negative value. In that case the mean was set to 0.000.
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It is unlikely that method 4 was used to calculate the reported means since this would likely have
appeared in the NMFS report. Therefore method 4 is ruled out of this analysis. To be able to calculate
the mean mercury level by method 3, a value for the limit of detection is needed. We have been told that
the limit of detection was 0.100 ppm. However, the data reported in the NMFS Report have numerous
reported positive values less than 0.100 ppm. We therefore used the lowest of all detected analytical
values as the presumed limit of detection. This value is 0.010 ppm.

Addendum B lists and graphs the mean mercury levels in ppm by fish and shellfish species, as
reported by NMFS, then as calculated according to the methodology described above. That is, the mean
mercury level that would be obtained by method 3, assuming NMFS used method 1 is presented,
followed by the other two comparisons listed above. Then the mean differences between pairs of
methods are presented.

C.4  Data Analysis Results

The calculations comparing method 1 -- nondetects dropped -- and method 3 -- nondetects set to
one-half the detection limit, viz., 0.005 -- are reported in Figure C-1a and C-1b. The straight line in
Figure C-l1ais the line y = x; points on the line correspond to mean values that are the same for both
methods. All points are on the line y = x, or nearly on it; the two methods yield identical results for most
species. This result follows from the fact that when mean mercury levels are relatively large, very few
nondetects were reported (see Figure C-4a).

In order to have a better assessment of the magnitude of the differences between method 1 and
method 3, we plotted the differences between the two methods versus method 1 in Figure C-1b. The
differences between methods 1 and 3 are never as high as 0.004 ppm. Further, they never exceed 0.001
ppm when the mean is above 0.200 ppm.
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The results comparing methods 2 and 3 are in Figures C-2a and C-2b. They lead to the same
conclusions as the comparison of methods 1 and 3. The differences between methods 2 and 3 never
exceed 0.030 ppm in magnitude. Because the differences between methods 2 and 3 are an order of
magnitude greater than the other two comparisons, it was decided to investigate the larger differences
between these methods to see if there were any significant patterns.

The results comparing methods 5 and 3 are in Figures C-3a and C-3b. They lead to the same
conclusions as the two previous comparisons. The differences between methods 5 and 3 never exceed
0.003 ppm in magnitude. They never exceed 0.001 ppm when the mean mercury level is above 0.200

ppm.

These results follow from the fact that the number of nondetects is especially high when the
reported mean is very small. When that mean is larger, there are very few nondetects, so that all methods
yield virtually the same results. This phenomenon is well illustrated in Figures C-4a and C-4b, which
present the number and percentage of nondetects against the mean mercury levels, respectively.
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Ditference between Method 3 and

Figure C-3a
Mercury Levels from the Pooled Dataset: Method 3 vs Method 5
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Figure C-4a
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ADDENDUM A

This addendum provides the formulae used to calculate the mean Mercury levels according
to the four methods used in the analysis.

Let Ngbe the total number of samples for which the fish was measingdhe total
number of samples in which no Mercury was detected dgithe limit of detection. Suppose that
x; stands for the Mercury level (ppm) detected in tiesample and thaiX1, X2, X3 and X5 are the

mean Mercury levels calculated by methods 1,2,3 and 5 respectively. Then we have that,

. 1 No— Ny . 1 No— Ny

X1=— X, X2= X

No .:Zl ' No - Ny i:zl'
Y L= N RS SR
3=— X; +Ndd0/2 - Xg=— X +Ndd0
NOE i=1 E NOE IZl E

Let X3/1, X372 and X35 be the means calculated by method 3 under the assumption that

the reported data are calculated by method 1, 2 and 5 respectively. These conditional means are obtained
as follows:

— Ng X1+ Ngxdy=+2
Xgp=—d2tT2d 72072
No

— No—Ng)X2+ Ny xdg+2
X = (No=Ng)X2+Ng xdo
No

and

— NoX5—- Ny xdq =2
Xg5=—022""d 22072
No
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ADDENDUM B

Mercury Levels by Species

NMFS Data:
Table and Graphs

Comparisons of Different Methods of Handling Nondetects:
Table and Graphs
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Table C-1

Records in NMFS Report for which the difference between Method 3 and Method 2 is greater than
0.010 (sorted according to the magnitude of the difference, DIFF)

SPECIES VARIETY LOCATION TISSUE NO. N.DET MEAN DIFF
Herring Pacific Pacific NWest ~ whole 20 19 260  -0.242
Sole Petrale Pacific NWest  muscle 11 6 .347 -0.187
Tuna Bigeye Hawaii liver 2 1 250 -0.123
Squid Atl. Longfinned N. Atlantic mantle, skinless 6 5 130 -0.104
Cod Atlantic N. Atlantic liver 2 1 .210 -0.103
Crab Tanner (Bairdi) Alaska meat 10 5 .208  -0.102
Squid Atl. Longfinned N. Atlantic mantle, skinless 7 5 .140  -0.096
Shrimp Alaska (Sidestriped) Alaska tail, peeled 7 4 .168  -0.093
Cod Atlantic N. Atlantic liver 6 5 .110 -0.088
Shrimp Ocean Pacific NWest  tail, peeled 10 6 136 -0.079
Cod Atlantic N. Atlantic liver 4 2 .158 -0.077
Clam Butter Pacific NWest  shucked, large 10 8 .100 -0.076
Mullet Striped Hawaii muscle 18 16 .090 -0.076
Salmon Coho (Silver) Alaska muscle 10 7 110 -0.074
Crab Tanner (Bairdi) Alaska meat 10 5 152 -0.074
Mullet Striped South Atlantic  muscle 19 15 .098  -0.073
Oyster Pacific (Giant) California shucked 10 8 .090 -0.068
Scallop Calico S. Atlantic abductor muscle 10 8 .090 -0.068
Clam Hard N. Atlantic shucked, cherrysto 10 5 141 -0.068
Squid Shortfinned N. Atlantic mantle, skinless 4 2 135 -0.065
Shrimp Brown Gulf tail, peeled 10 8 .085 -0.064
Oyster Pacific (Giant) California shucked 20 12 111 -0.064
Squid Atl. Longfinned N. Atlantic mantle, skinless 20 13 .100  -0.062
Squid Shortfinned N. Atlantic mantle, skinless 2 1 .120 -0.058
Tuna Yellowfin Hawaii liver 2 1 .120 -0.058
Clam Razor Alaska shucked 11 8 .083  -0.057
Croaker Atlantic Gulf muscle 9 6 .090 -0.057
Pollock Walleye (Alaska) Alaska muscle 28 12 .135  -0.056
Squid Shortfinned N. Atlantic mantle, skinless 11 6 .105 -0.055
Shrimp Pink Gulf tail, peeled 20 10 .114  -0.055
Salmon Coho (Silver) Pacific N\West  liver 2 1 110  -0.053
Mackerel Jack California headed 4 3 .070  -0.049
Trout (Sea)  Silver (White) Gulf muscle 10 5 .100  -0.048
Clam Soft N. Atlantic shucked 19 11 .086 -0.047
Flounder Fourspot N. Atlantic muscle 3 1 .145  -0.047
Mullet Striped Gulf muscle 12 10 .060 -0.046
Shrimp White Gulf tail, peeled 10 8 .060 -0.044
Squid Shortfinned N. Atlantic mantle, skinless 5 4 .060 -0.044
Cod Atlantic N. Atlantic muscle 16 6 121 -0.044
Pollock N. Atlantic liver 3 2 .070 -0.043
Flounder Winter North Atlantic muscle 10 4 113 -0.043
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Mackerel King Gulf ROE 9 2 199  -0.043
Flounder Witch N. Atlantic muscle 2 1 .090 -0.043
Tuna Skipjack Pacific liver 2 1 .090 -0.043
Herring Atlantic North Atlantic whole 12 11 .050 -0.041
Scallop Calico S. Atlantic shucked 10 6 .073  -0.041
Squid Shortfinned N. Atlantic mantle, skinless 10 6 .073 -0.041
Mullet Striped South Atlantic  muscle 10 9 .050 -0.041
Shrimp Pink (Northern) Alaska tail, peeled 10 9 .050 -0.041
Flounder Winter North Atlantic muscle 2 1 .085 -0.040
Squid Pacific California whole 29 19 .064  -0.039
Oyster Eastern S. Atlantic shucked 10 3 133 -0.038
Flounder Winter North Atlantic muscle 5 2 .100 -0.038
Salmon Sockeye (Red) Pacific NWest  muscle 12 7 .068  -0.037
Abalone Red California shucked 10 5 .078  -0.037
Qyster Eastern N. Atlantic shucked, std. 10 7 .057 -0.036
Crab Tanner (Bairdi) Alaska meat 10 3 126 -0.036
Herring Round North Atlantic H & G tailless 10 6 .065 -0.036
Flounder Southern S. Atlantic muscle 10 4 .095 -0.036
Pollock N. Atlantic liver 7 5 .055 -0.036
Squid Atl. Longfinned N. Atlantic mantle, skinless 7 3 .088  -0.036
Scallop Calico S. Atlantic abductor muscle 10 5 .076  -0.036
Flounder Summer (Fluke) S. Atlantic muscle 20 6 119 -0.034
Trout (Sea) Sand Gulf muscle 5 3 .060 -0.033
Crab Rock N. Atlantic meat 5 1 .169 -0.033
Mullet Striped Gulf muscle 15 14 .040 -0.033
Flounder Winter North Atlantic muscle 4 2 .070 -0.033
Scup North Atlantic muscle 2 1 .070 -0.033
Salmon Chum (Keta) Alaska muscle 10 4 .086  -0.032
Shrimp Pink (Northern) Alaska tail, peeled 9 5 .063  -0.032
Mullet Striped South Atlantic muscle 4 1 133 -0.032
Squid Shortfinned N. Atlantic mantle, skinless 14 8 .060 -0.031
Clam Surf N. Atlantic shucked, whole 19 9 .070 -0.031
Pollock Walleye (Alaska) Alaska liver 3 2 .050 -0.030
Anchovy Northern California whole 10 4 .080 -0.030
Scallop Sea (smooth) N. Atlantic abductor muscle 10 7 .047  -0.029
Squid Atl. Longfinned N. Atlantic mantle, skinless 10 4 .078  -0.029
Herring Atlantic North Atlantic headed 6 5 .040 -0.029
Herring Atlantic North Atlantic whole 29 14 .065 -0.029
Shrimp Brown Gulf tail, peeled 10 4 .077  -0.029
Salmon Chinock (King) Pacific NWest  liver 5 1 149  -0.029
Snapper Red (EMU) Hawaii muscle 18 1 522 -0.029
Flounder Witch N. Atlantic muscle 16 3 .156 -0.028
Flounder Yellowtall North Atlantic muscle 10 3 .099 -0.028
Mackerel Atlantic North Atlantic muscle 8 5 .050 -0.028
Oyster Eastern N. Atlantic shucked, select 10 8 .040 -0.028
Shrimp White Gulf tail, peeled 10 8 .040 -0.028
Mullet Striped Hawaii muscle 9 6 .047  -0.028
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Shrimp Pink Gulf tail, peeled 9 2 130  -0.028
Pollock N. Atlantic liver 14 8 .053 -0.027
Shrimp Pink (Northern) N. Atlantic tail, peeled 11 7 .048  -0.027
Shark Blue North Atlantic liver 9 2 127 -0.027
Scup North Atlantic muscle 6 2 .086  -0.027
Flounder Winter North Atlantic muscle 10 4 .072 -0.027
Flounder Yellowtail North Atlantic muscle 3 2 .045 -0.027
Salmon Chinock (King) Alaska muscle 10 8 .038  -0.026
Mackerel Spanish South Atlantic muscle 20 3 .181  -0.026
Squid Atl. Longfinned N. Atlantic mantle, skinless 4 3 .040 -0.026
Squid Shortfinned N. Atlantic mantle, skinless 4 3 .040 -0.026
Flounder Gulf Gulf muscle 19 5 .101  -0.025
Trout (Sea) Gray (Weakfish) N. Atlantic whole 10 4 .068 -0.025
Octopus Marmuratus Hawaii mantle, skinless 36 17 .058 -0.025
Flounder Fourspot N. Atlantic muscle 4 2 .055 -0.025
Herring Atlantic North Atlantic whole 3 1 .080 -0.025
Croaker Atlantic N. Atlantic muscle 5 1 .130  -0.025
Perch Ocean (Pacific) Pacific NWest  muscle 10 7 .040 -0.025
Shrimp Alaska (Sidestriped) Alaska tail, peeled 10 7 .040 -0.025
Oyster Pacific (Giant) Pacific NWest  shucked, medium 9 4 .060 -0.024
Flounder Winter North Atlantic muscle 7 4 .047 -0.024
Flounder Witch N. Atlantic muscle 5 2 .065 -0.024
Flounder Winter North Atlantic muscle 15 9 .045 -0.024
Salmon Chum (Keta) Alaska muscle 9 4 .059 -0.024
Sole Dover Pacific NWest  muscle 10 3 .085 -0.024
Flounder Winter North Atlantic muscle 6 1 147 -0.024
Bass striped N. Atlantic muscle 16 8 .052 -0.024
Cod Atlantic N. Atlantic liver 3 2 .040 -0.023
Halibut Pacific Pacific NWest  liver 3 2 .040 -0.023
Mackerel Atlantic North Atlantic muscle 11 4 .069 -0.023
Squid Atl. Longfinned N. Atlantic mantle, skinless 13 7 .048  -0.023
Mullet Striped South Atlantic muscle 2 1 .050 -0.023
Herring Atlantic North Atlantic muscle 10 9 .030 -0.023
Mullet Silver (white) South Atlantic muscle 24 18 .035  -0.023
Oyster Pacific (Giant) Pacific N\West  shucked, small 10 5 .050 -0.023
Shrimp Pink Gulf tail, peeled 9 8 .030 -0.022
Herring Round North Atlantic H & G tailless 27 21 .033  -0.022
Bass striped Pacific NWest  muscle 40 1 .858  -0.021
Flounder Witch N. Atlantic muscle 15 3 111 -0.021
Mullet Striped Gulf muscle 20 11 .043  -0.021
Cod Atlantic N. Atlantic liver 5 2 .057 -0.021
Flounder Witch N. Atlantic muscle 4 1 .088 -0.021
Clam Razor Pacific N\West  shucked 10 5 .046  -0.021
Flounder Winter North Atlantic muscle 21 6 .076 -0.020
Herring Atlantic North Atlantic muscle 12 8 .035 -0.020
Scup North Atlantic muscle 5 1 .105 -0.020
Sole Petrale Pacific NWest  muscle 2 1 .045  -0.020
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Shark Blacktip South Atlantic  liver 3 1 .065 -0.020
Squid Pacific California whole 10 6 .038  -0.020
Squid Atl. Longfinned N. Atlantic mantle, skinless 17 7 .053  -0.020
Mackerel Atlantic North Atlantic muscle 36 17 .046 -0.019
Oyster Eastern N. Atlantic shucked 20 9 .048  -0.019
Trout Rainbow/Steelhead Pacific NWest  muscle 6 2 .063 -0.019
Trout (Sea)  Silver (White) Gulf muscle 10 3 .069 -0.019
Shrimp Brown Gulf tail, peeled 17 3 113 -0.019
Scup North Atlantic muscle 6 3 .043 -0.019
Croaker Atlantic S. Atlantic muscle 12 4 .061 -0.019
Clam Razor Pacific NWest  shucked 10 5 .042  -0.019
Shrimp White S. Atlantic tail, peeled 10 2 .096 -0.018
Shrimp Pink (Northern) N. Atlantic tail, peeled 10 4 .050 -0.018
Salmon Chum (Keta) Pacific NWest  muscle 7 5 .030 -0.018
Squid Atl. Longfinned N. Atlantic whole 23 9 .050 -0.018
Flounder Witch N. Atlantic muscle 10 2 .093 -0.018
Scallop Atlantic Bay S. Atlantic abductor muscle 10 6 .034  -0.017
Flounder Fourspot N. Atlantic muscle 6 1 109  -0.017
Anchovy Northern California whole 10 4 .048  -0.017
Scallop Atlantic Bay S. Atlantic abductor muscle 10 2 .091  -0.017
Halibut Pacific Pacific NWest  muscle 10 3 .062 -0.017
Salmon Sockeye (Red) Alaska muscle 19 9 .041  -0.017
Croaker Atlantic N. Atlantic muscle 10 6 .033 -0.017
Cod Pacific (Gray) Alaska liver 5 2 .047  -0.017
Trout (Sea)  Silver (White) Gulf muscle 13 2 114 -0.017
Shrimp Pink (Northern) N. Atlantic tail, peeled 3 1 .055 -0.017
Anchovy Northern California whole 10 8 .025 -0.016
Crab Blue N. Atlantic claw & body meat 10 5 .037 -0.016
Mackerel Atlantic North Atlantic muscle 7 4 .033 -0.016
Squid Shortfinned N. Atlantic mantle, skinless 20 5 .069 -0.016
Flounder Southern Gulf muscle 4 1 .067 -0.016
Flounder Fourspot N. Atlantic muscle 19 3 .103  -0.015
Flounder Winter North Atlantic muscle 12 4 .051 -0.015
Bass striped California muscle 28 1 432 -0.015
Salmon Pink Alaska muscle 9 4 .039 -0.015
Clam Razor Alaska shucked 8 4 .035 -0.015
Croaker Atlantic Gulf muscle 2 1 .035 -0.015
Halibut Pacific Pacific NWest  liver 8 6 .025 -0.015
Clam Hard N. Atlantic shucked, mixed 20 5 .065 -0.015
Oyster Eastern Gulf shucked 11 5 .038  -0.015
Squid Shortfinned N. Atlantic mantle, skinless 5 3 .030 -0.015
Tuna Yellowfin Hawaii muscle 10 3 .054 -0.015
Flounder Fourspot N. Atlantic muscle 6 1 .093 -0.015
Shrimp Pink Gulf tail, peeled 10 5 .034  -0.015
Clam Hard N. Atlantic shucked, littleneck 16 7 .038 -0.014
Abalone Green California shucked 10 6 .029 -0.014
Herring Round North Atlantic H & G tailless 7 5 .025 -0.014
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Shrimp Pink (Northern) N. Atlantic tail, peeled 9 4 .037 -0.014
Herring Atlantic North Atlantic ~ whole 17 16 .020 -0.014
Shrimp White Gulf tail, peeled 17 3 .085 -0.014
Shrimp Brown Gulf tail, peeled 13 7 .031  -0.014
Clam Hard N. Atlantic shucked, cherrysto 30 13 .037 -0.014
Mullet Striped Hawaii muscle 13 12 .020 -0.014
Oyster Eastern Gulf shucked 20 12 .028 -0.014
Oyster Pacific (Giant) Pacific NWest  shucked, medium 10 6 .028 -0.014
Scup North Atlantic muscle 11 10 .020 -0.014
Oyster Eastern N. Atlantic shucked, select 16 9 .029 -0.014
Anchovy Northern California whole 10 9 .020 -0.014
Croaker Atlantic Gulf muscle 10 9 .020 -0.014
Salmon Sockeye (Red) Alaska muscle 10 9 .020 -0.014
Oyster Pacific (Giant) Pacific N\West  shucked 10 4 .038  -0.013
Clam Hard N. Atlantic shucked, chowder 49 14 .050 -0.013
Croaker Atlantic S. Atlantic muscle 2 1 .030 -0.013
Haddock N. Atlantic liver 2 1 .030 -0.013
Oyster Eastern S.Atlantic shucked 10 5 .030 -0.013
Perch Ocean (Pacific) Pacific NWest liver 8 4 .030 -0.013
Snapper Vermilion South Atlantic  muscle 2 1 .030 -0.013
Lobster Atlantic Spiny Gulf tail meat 12 3 .055 -0.013
Tuna Skipjack Pacific muscle 20 3 .088  -0.012
Clam Butter Pacific NWest shucked, ex. large 9 4 .033 -0.012
Salmon Chinock (King) Alaska muscle 9 3 .042  -0.012
Flounder Windowpane N. Atlantic muscle 7 1 .090 -0.012
Salmon Chinock (King) Alaska muscle 10 8 .020 -0.012
Scallop Pink Alaska abductor muscle 5 4 .020 -0.012
Scup North Atlantic muscle 5 3 .025 -0.012
Squid Shortfinned N. Atlantic mantle, skinless 5 4 .020 -0.012
Haddock N. Atlantic muscle 5 1 .065 -0.012
Squid Shortfinned N. Atlantic mantle, skinless 9 1 112 -0.012
Shrimp Brown Gulf tail, peeled 3 1 .040 -0.012
Flounder Witch N. Atlantic muscle 15 2 .092 -0.012
Salmon Coho (Silver) Pacific N\West  muscle 10 5 .028 -0.012
Flounder Fourspot N. Atlantic muscle 18 2 .108  -0.011
Clam Butter Pacific NWest  shucked 4 3 .020 -0.011
Shrimp Pink (Northern) N. Atlantic tail, peeled 4 1 .050 -0.011
Salmon Sockeye (Red) Alaska muscle 10 4 .033 -0.011
Perch Ocean (Redfish) North Atlantic muscle 14 1 .161 -0.011
Haddock N. Atlantic muscle 9 1 .105 -0.011
Crab King Alaska meat 9 3 .038 -0.011
Salmon Pink Alaska muscle 10 6 .023 -0.011
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D.1 Introduction

This Appendix presents an analysis of the third National Health and Nutrition Examination
Survey (NHANES IIl) data on frequency of fish and shellfish consumption over an one-month interval,
24-hour recall data for consumption of fish and shellfish, body weight (in kilograms) and mean mercury
concentrations in fish and shellfish. These data were utilized to estimate national exposure distributions
for ingestion of mercury from fish and shellfish for a time period defined as one month or 30 days.
Mathematical distributions were fit to data addressing the number and size of fish meals and associated
mercury ingestion for several ethnic and racial groups within the general U.S. population. Analyses for
higher-frequency fish consumers, women of child-bearing age and children were also performed.

D.2  Methods and Assumptions

All variables in this analysis were assumed to be lognormally distributed and independent.
Parameters of the lognormal distributions are expressed as the geometric mean (GM) and the geometric
standard deviation (GSD). The geometric mean (and median) is defineéd as e , where p is the mean of the
logarithms of the observations. The geometric standard deviation is defirfed as eg isliees
standard deviation of the logarithms of the observations.

The data available for estimation of distribution parameters were in the form of cumulative
distribution percentiles and moments (arithmetic mean and standard deviation). The primary approach to
fitting lognormal distributions to the data was by the method of moments, in which the sample mean and
sample standard deviation, themselves, are used as estimates of the parameters. For the lognormal, the
parameters are determined in log space (mean and standard deviation of the logs of the observations). In
this analysis, the GM and GSD were estimated from the arithmetic mean and standard deviation using
analytic formulas relating the arithmetic and geometric moments (Evans et al., 1993). In some cases the
arithmetic moments did not provide reasonable estimates of the geometric moments. In these cases
parameter estimation focused on the range between the 50th (median) and 95th percentiles. p was
assumed to be the log of the medianvas estimated as the average of the difference of the logs of the
75th, 90th and 95th percentiles and ., divided by the corresponding z-score from the standard unit
normal distribution. Distributions derived by the percentile method should be considered to be less
reliable than by the method of moments. The fit of the distributions to the data in this range was assessed
by graphical analysis and percentile matching.

D.3  Population Exposure Equations

Daily mercury ingestion from fish consumption is given as Equation 1.

H,za. X Nmeals

HOpaLy = 30 (1)

where

Hooay IS daily ingestion of total mercury (ughkg-day),

Hguea IS the ingestion of total mercury per fish meal (L bikgneal),
Nmeals is the number of fish meals per month (mbnth ) and

30 is the number of days per month (days/month).
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Daily fish consumption is given as Equation 2.

Fishy,c,, X Nmeals
FCoay = 30 (2)

where

FCoay IS daily per capitdish consumption (g/day),

Fishyea. is fish consumption per fish meal (g/meal),

Nmeals is the number of fish meals per month (mbnth ) and
30 is the number of days per month (days/month).

Equations 1 and 2 are solved using analytic methods for multiplying lognormal distributions (Aitchison
and Brown, 1966; see also Appendix D to Volume 3 of this Report).

D.4  Input Distributions

This section presents the development of each of the input distributions for Equations 1 and 2.
The basis for each distribution is given. Moments and percentiles for all empirical distributions were
based on population weighted frequencies. That is, the sample observation frequencies were projected to
the national population weighted by sex and age frequencies in the national population (NHANES I11).

D.4.1 Mercury Ingestion per Fish Meal (Hg, )

Hgyea distributions were based on 24-hour fish (and shellfish) consumption recall data for
consumers, only (per user), reported in NHANES Il and average mercury concentrations reported for
each fish species consumed. Consumption-mass-weighted mercury concentrations for individual species
were summed across all species consumed by each survey respondent (consumers only) and divided by
the respondent's body weight. Simplifying assumption were made that all the mercury was
methylmercury (MeHg) and was ingested in a single meal. Empiriggl,Hdistributions were
constructed for six subpopulations: the Caucasian (nonHispanic) general population ("White"), the
African-American (nonHispanic) general population ("Black"), the Mexican-American general
population ("Hispanic"), a more frequent fish-consuming population that included Asians, Pacific
Islanders, Native Americans and Caribbean Islanders ("Other"), 15 to 44 year-old females across all
groups ("Women") and 3 to 6 year-old children across all groups ("Children”). Women of this age group
were selected as the MeHg Reference Dose (RfD) based primarily on effects in offspring of women
exposed to MeHg during pregnancy. This particular age group of children was selected because of its
much higher mercury exposure rate than other child age groups. Thbg dmpirical distributions and
lognormal approximations for each of these subpopulations are given in Table D-1.



Table D-1
Hgwea Distributions for Selected Populations

(ng/kgbw-meal)
Population
Distribution: White Black Hispanic Other Women Children
Empirical
n 1392 1278 914 265 882 415
mean 0.19 0.23 0.22 0.23 0.17 0.40
std. dev. 43.05 19.69 11.42 50.00 0.28 0.56
50th percentile 0.12* 0.15 0.15 0.12 0.10 0.28
75th percentile 0.26 0.32 0.31 0.32 0.22 0.49
90th percentile 0.50 0.57 0.58 0.61 0.39 0.77
95th percentile 0.73 0.77 0.77 0.97 0.53 1.08
Lognormal
method | percentile§ percentiled percentiled percentiled momenty moment
Gm? 0.12 0.15 0.15 0.12 0.09 0.23
GSD 3.01 2.82 291 3.77 3.14 2.83
75th percentile 0.25 0.31 0.30 0.30 0.19 0.47
90th percentile 0.50 0.57 0.58 0.66 0.38 0.88
95th percentile 0.74 0.83 0.85 1.07 0.58 1.29
mean 0.22 0.26 0.26 0.29 - -
std. dev. 0.34 0.36 0.38 0.64 - -

& Geometric Mean (and 50th percentile)

® Geometric Standard Deviation
*Rounded to 2 significant figures.

D.4.2 Fish Consumption per Fish Meal (Fish,)

Fish,e,, distributions were based on 24-hour fish (and shellfish) consumption recall data for
consumers, only (per user), reported in NHANES Ill. A simplifying assumption was made that all the
fish was consumed in a single meal. Ejsh distributions were constructed for the same five
subpopulations as for |g,, . The Rjshk  empirical distributions and lognormal approximations for
each of these subpopulations are given in Table D-2.
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Table D-2
Fishyega Distributions for Selected Populations

(g/meal)
Population
Distribution: White Black Hispanic Other Women Children
Empirical
n 1394 1282 920 266 883 415
mean 109 128 108 106 103 57
std. dev.[ 16752 8004 4856 15277 116 55
50th percentile 65.5* 77.5 64.7 67.5 66.0 43.3
75th percentile 126 151 129 122 131 66.2
90th percentile 222 263 222 234 228 113
95th percentile 291 356 318 297 288 151
Lognormal
method | percentile§ percentile§d percentiled percentilied moment§y moment
Gn? 65.5 77.5 64.7 67.5 68.6 40.7
GSD 2.57 2.60 2.67 2.50 2.47 2.26
75th percentile 124 148 125 125 126 70.6
90th percentile 220 264 228 219 219 116
95th percentile 310 373 326 305 304 156
mean 102 122 105 103 - -
std. dev. 123 150 134 119 - -

& Geometric Mean (and 50th percentile)

® Geometric Standard Deviation
* Rounded to 3 ghificant figures.

D.4.3 Number of Fish Meals per Month (Nmeals)

Nmeals distributions were based on monthly fish (and shellfish) consumption frequency data for
all respondentsper capitg reported in NHANES I1ll. The frequency of fish meals consumed per month
was treated as a continuous variable for estimation of long-term fish consumption rates. Values at the
reference percentiles (50th, 75th, 90th and 95th) were estimated by linear interpolation from cumulative
discrete frequency distributions. As these data are from the general population (not just fish consumers),
a significant fraction of respondents reported eating no fish in the last month (11-14%). Nmeals
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distributions were constructed for the same subpopulations as fgx Hg
"Women" and "Children," for which data were not available. An Nmeals distribution for the general
population across all other groups ("All") was used as a surrogate for "Women" and "Children." Nmeals
empirical distributions and lognormal approximations for each of these subpopulations are given in Table

apehFish

D-3.
Table D-3
Nmeals Distributions for Selected Populations
(month™)
Population
Distribution White Black Hispanic Other All
Empirical
n 7410 5594 5394 785 19,200
mean 5.6 6.5 4.7 8.3 5.8
std. dev. 6.2 8.2 5.8 2.6 6.9
50th percentile 3.4* 3.8 2.9 4.1 35
75th percentile 7.2 8.0 5.8 9.9 7.4
90th percentile 12 13 11 22 12
95th percentile 16 18 14 31 17
99th percentile 30 31 28 43 30
maximum 150 220 150 61 220
Lognormal
method moment§ ~momenty moment§ moment§y momenty
GMm? 3.7 4.0 3.0 5.3 3.8
GSD 25 2.7 2.6 2.6 2.5
75th percentile 6.8 7.8 5.7 10 7.1
90th percentile 12 14 10 18 12
95th percentile 16 20 14 25 18
99th percentile 30 39 28 19 33

& Geometric Mean (and 50th percentile)

b Geometric Standard Deviation
* Rounded to 2 ghificant figures.
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D.5  Simulation Output

The results of the solution of Equation 1 {dg,) are given for adults and children in Tables
D-4 and D-5, respectively. The percentile at which the MeHg RfD falls in thg, Hg output is given
for adults (Table D-4). Direct comparison to the RfD is most appropriate for women of child-bearing
age, as the MeHg RfD is based, primarily, on effects in the offspring of exposures to their mothers during
pregnancy (see Volume V of this report; also U. S. EPA, 1997). That is, although the effects were
observed in children, the exposure (and it's associated metric) was to the mother. The RfD is designed to
be protective of all sensitive subpopulations. In this case (MeHg), the developing fetus was judged to be
the most sensitive population. An uncertainty factor was included in the RfD to account for the lack of
data on post-natal development, among other factors.

The results of the solution of Equation 2 (z6,) are given for adults and children in Tables
D-6 and D-7, respectively. The percentile at which fish ingestion exceeds 100 g/day in the Fish
output is also shown.

Table D-4
Hgpay Distributions for Selected Populations: Adults
(ng/kgow-day)
Population
Percentile White? Black® Hispanic® Other® Women®
50th 0.015 0.020 0.015 0.021 0.011
75th 0.039 0.053 0.047 0.064 0.030
90th 0.092 0.13 0.11 0.17 0.074
95th 0.15 0.21 0.18 0.31 0.13
RfD Percentile 91.0 86.8 91.0 82.7 93.2

GM = 0.0149, GSD = 4.145
®GM = 0.0204, GSD = 4.153
°GM = 0.0145, GSD = 4.216
9GM =0.0214, GSD =5.123
9GM =0.0111, GSD = 4.382



Table D-5
Hgpay Distributions for Selected Populations: Children

(Hg/kgbw-day)
Ethnicity
Percentile All White® Black® Hispanic® Other®
Groups®
50th 0.029 0.029 0.031 0.023 0.041
75th 0.075 0.072 0.082 0.060 0.11
90th 0.18 0.17 0.19 0.14 0.25
95th 0.29 0.28 0.33 0.24 0.42

®GM = 0.0292, GSD = 4.050

PGM = 0.0286, GSD = 3.961

°GM =0.0311, GSD =4.173

9GM =0.0230, GSD = 4.130

*GM = 0.0411, GSD =4.102

Nmeals distributions frorgeneral population for eaanroup (not child-specific)
Hgyea, distribution from 3-6year-old children across ethnicities (igobup-specific)

Table D-6
FCoaLy Distributions for Selected Populations: Adults
(g9/day)
Population
Percentile White? Black® Hispanic® Other® Womern®
50th 8.1 10 6.4 12 8.6
75th 19 26 16 29 21
90th 43 60 37 65 46
95th 69 99 62 105 73
1009 percentile 97.3 95.1 97.7 94.6 97.0

®GM = 8.08, GSD = 3.685
®GM =10.4, GSD = 3.925
°GM = 6.43, GSD = 3.957
‘GM =119, GSD =3.751
‘GM = 8.63, GSD = 3.668
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Table D-7
FCoaLy Distributions for Selected Populations: Children

(g/day)
Ethnicity
Percentile All White® Black® Hispanic® Other®
Groups®
50th 51 5.0 55 4.0 7.2
75th 12 11 13 9.5 17
90th 25 24 28 20 36
95th 39 37 44 32 57
1009 percentile | >99 >09 99 >99 98

®GM =5.12, GSD = 3.456

®GM =5.01, GSD = 3.370

°GM =5.46, GSD = 3.573

9GM = 4.04, GSD = 3.532

°GM =7.18, GSD = 3.506

Nmeals distributions frorgeneral population for eadnoup (not child-specific)
Fishyea distribution from 3-6year-old children across ethnicities (gobup-specific)

D.6  Sensitivity Analysis

D.6.1 Adequacy of Input Distribution Fit

A general trend for fitting input distributions by the percentile method was for higher estimates
of ¢ at lower percentiles but with fairly good agreement in the targeted range (75th to 95th percentiles);
coefficients of variation fos estimates for a given data set were in the range of 0.03 to 0.1.

Distributions fit by this method were not particularly good approximations of the data outside these
percentile ranges. The impact of overestimating the lower end of the input distributions on the output of
Equations 1 and 2 is discussed in the next section.

Quantile-quantile plots (QQ plots) are shown for each of the distributions in Figures D-1, D-2
and D-3, which show the Hg,, , Figh, ., and Nmeals distributions, respectively. These figures plot
the z-scores of the logs of the observations against the z-scores for the corresponding fitted lognormal
distribution (normal in log space). The z-scores are the number of standard deviations above or below
the median. A z-score of 2 corresponds to about tfie 95 percentile{z"{2ercentile). The 99 and
99.9" percentiles correspond to z-scores of 2.33 and 3.1, respectively. As these plots compare the logs
of the distributions, zeroes in the raw data are not included. Zeroes were included, however, in the fitting
process for those variables fit by the method of moments. For those distributions fit by the percentile
method, the data points (50 ,"75 "0 antl 95 percentiles) used in the fitting process are indicated by
filled symbols on the Figures.
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The solid straight lines on the QQ plots represent perfect fits. That is, a perfect fit would result
in all the points lining up along the line. The direction of deviations from the line can be used to assess
the direction of the prediction error. If the points curve below the line at either end, the fitted distribution
will under predict actual values at that end. Conversely, if the points curve above the line, the fitted
distribution will over predict. The tendency to over predict the lower tail can be seen for all of the
variables. This tendency is quite marked for a number of variables, particularly for the ones fitted by the
percentile method. The upper tails of the empirical distributions are all fairly well represented by the
fitted distributions, even for extreme values. Nmeals/Other is an exception, but the poor fit is well
beyond the 99th percentile; the data points above the 99th percentile are single observations. The effect
of over prediction in the lower tail on the analytic solutions of Equations 1 and 2 will be to greatly
exaggerate the lower percentiles. There will also be a tendency to over predict the upper percentiles, but
probably not by a large amount. Deviations from the fit line at z-scores of less than -3 should have no
effect on the output. In general, the magnitude of the over prediction is difficult to assess from the QQ
plots, but will be considerably less than that resulting from over prediction in the upper tails of the input
distributions. The best predictions should be for both outputs for "Women" and "Children," given the
better combined fit for Hg.,, , Figh,, , and Nmeals for these two groups.
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Figure D-1
Quantile-Quantile Plots for Hg,e,. Distributions
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Figure D-2

Quantile-Quantile Plots for Fishye,, Distributions
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Figure D-3

Quantile-Quantile Plots for Nmeals Distributions
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D.6.2 Impact of Assumptions on Simulation Output

The assumption that the 24-hour recall data represent one fish meal is obviously false for all
respondents who reported more than 30 fish meals per month. The assumption will result in
overestimation of both Hg,v and B,  at higher percentiles. The 30 fish meal per month mark falls
at the 99th percentile or higher for all groups except “Other,” for which the 95th percentile is 31.4 fish
meals per month. The bias inflg, and.EG for groups other than “Other” should not be
significant at the 95th percentile and lower, but this assumption was not tested. The results for “Other”
above the 90th percentile should be considered to be conservative.

Correlation of input variables was not considered in this analysis. Data for “Women” suggest
that there is a slight positive correlation between Nmeals and the other two variables, with a more
noticeable difference in Figh,, for those respondents reporting zero or one fish meal in the last month.
That is, those individuals who had a low frequency of fish consumption also tended to eat less fish per
meal (70 g/meal vs 108 g/meal for respondents reporting two or more fish meals per month). The result
of this correlation would be an over prediction of5G . The magnitude of the over prediction could
not be estimated without the specific body weight of the individuals, but was judged to be small. The
correlation of Nmeals and kg, was very weak and was not expected to have any impact on the output.
The effect of correlations on simulation output is generally smaller than that arising from the form of the
assigned distribution (Bukowski et al., 1995).

The impact of the simplifying lognormal assumptions on the output of Equations 1 and 2 was
investigated by defining the input distributions as mixtures (mixtures approach) and then solving the
equations by Monte Carlo analysis. That is, separate distributions were fit to discrete segments of the
empirical data rather than assuming a single mathematical form for the entire distribution. For several
data sets where the number of zeroes was high, the proportion of zeroes was modeled as a delta function
(spike), with a lognormal distribution fit to the nonzero data (delta method). For one data set with no
zeroes, a log-triangular distribution was fit to the proportion of the data set that did not appear to be
lognormal (the lower 25%) and a lognormal was fit to the remainder (two-distribution method). In each
case, a composite mixtures distribution was constructed by Monte Carlo simulation.

Figure D-4 shows the QQ-plots for the mixtures distribution fits to selected variables. Two of
the worst-fitting Hg,c,, data sets (Hispanic and Other) were selected for this part of the analysis. The
corresponding Nmeals data sets were also analyzed so that output distributions (Equation 1) could be
generated. Hg , /Hispanic, was fit by the two-distribution method and the rest by the delta method.
Distribution quantiles, in natural log units, are shown in these plots instead of z-scores, as the fitted
distributions are not entirely lognormal. Otherwise, the visual fit of the distributions can be compared
directly with the corresponding QQ-plots in Figures D-1 and D-3. The mixtures approach provided a
better overall fit for Hges, , particularly at the lower end, the lower three points fr,Hg  /Hispanic
being an exception. These data points, however, represent less than 1% of the distribution and would
have no effect on the output. Upper percentile estimates for the mixtures approach are similar to those
estimated by the simple lognormal assumptions. The Nmeals distributions estimated by the mixtures
approach showed only slightly better fit (or none at all) in the lower percentiles at the expense of a
slightly poorer fit at the upper extreme. Fits to Nmeals/White and Nmeals/All were similar to
Nmeals/Hispanic. Overall, the mixtures approach did not improve the fit to Nmeals.
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Figure D-4

Quantile-Quantile Plots for Mixtures-Distribution Fits
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Results of the Monte Carlo simulations of Equation 1 using the mixtures distributions are given
in Table D-8. The output was simulated with mixtures distributions for both inputs {Hand Nmeals)
and for Hg,z4, , Only, as the mixtures approach did not provide a better fit for Nmeals. The results in

Table D-8 show little effect from the simple lognormal assumption for the inputs in this limited

comparison. Further analysis using the full data sets and other parametric fitting or nonparametric

methods would be useful for resolving the remaining distribution fit issues.
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Table D-8
Comparison of Hg,,, v Output for Alternate Fits

(ng/kgow-day)
Group Hispanic Other
method of simple HOweal both simple HOweal both
distributic;ril lognormal?® mixture® mixtures® | lognormal® mixture® mixtures®
Percentiles
50th 0.015* 0.014 0.019 0.021 0.021 0.020
75th 0.038 0.038 0.047 0.064 0.066 0.071
90th 0.092 0.086 0.11 0.17 0.18 0.20
95th 0.15 0.14 0.18 0.31 0.33 0.36
99th 0.41 0.40 0.45 0.96 0.98 1.1

4from Table D-4

*mixture for Hyyea , ONl; lognormal Nmeals from Table D-3
“mixtures for both inputs

* Rounded to 2 ghificant figures.

D.6.2 Other Sources of Uncertainty

Sources of uncertainty or bias that have not been considered in this analysis include fish mercury
concentrations, mercury speciation in fish and shellfish, and population weights. The mercury
concentrations in the fish and shellfish were average concentrations for the identified fish species. Data
were available on the distribution of mercury in each species but were not considered for this analysis.
These data would provide bounds on the percentile values estimated in this analysis but would not
change the median estimates for each percentile. The mercury in all “fish” species was assumed to be
methylmercury, which is a fairly sound assumption for finfish (Bloom, 1992), but somewhat less so for
shellfish and other species. The impact of this assumption on the simulation output was not investigated
but was assumed to be small. The uncertainty in the population weighting protocol in NHANES Il was
not investigated either.

D.7  Conclusions
The derived distributions are thought to be more characteristic of month-long patterns of fish and

shellfish consumption than are either of the two individual distributions that formed the input variables.
The resulting derived distribution was done to maximize fit between the 75th and 95th percentiles.
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